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S e c t i o n  1 

I n t r o d u c t i o n  

1.1 PURPOSE 

Th i s  document p r e s e n t s  t h e  r e s u l t s  o f  a  s t u d y  o f  t h e  O r b i t e r /  

S p a c e l a b  Timing Sys tems .  The approach  used was t o  d e s c r i b e  t h e  

g e n e r a t i o n  o f  t h e  t im ing  s i g n a l s  i n  t h e  O r b i t e r  and f o l l o w  t h j s  

d i s t r i b u t i o n  t o  t h e  S p a c e l a b  e x p e r i m e n t s .  The o b j e c t i v e  of  t h i s  

r e p o r t  i s  t o  i d e n t i f y  t h e  a c c u r a c y  t o  which d a t a  may be t i m e  

t agged  i n  S p a c e l a b .  Th i s  document a l s o  a t t e m p t s  t o  g i v e  some 

i n s i g h t  i n t o  how t h e  d a t a  i s  c o l l e c t e d  i n  S p a c e l a b  and t r a n s m i t t e d  

t o  t h e  g round .  

Th i s  r e p o r t  i s  based  on i nformatf  on g a t h e r e d  from t h e  r e f e r e n c e s  

l i s t e d  i n  Appendix A and i s  meant t o  be a  r e p o r t  on t ime  t a g g i n g  

o f  s c i e n c e  d a t a  i n  S p a c e l a b .  The r e s u l t s  c o n t a i n e d  i n  t h i s  r e p o r t  

a r e  f o r  i n f o r m a t i o n  pu rpose s  o n l y  and a r e  n o t  i n t e n d e d  t o  be b ind -  

ing  s  t a i i da rd s  . 

1 . 2  SCOPE 

Th i s  s t u d y  a d d r e s s e d  o n l y  t h o s e  p o r t i o n s  of  t h e  O r b i t e r / S p a c e l a b  

Systems which d e a l t  w i t h  t h e  g e n e r a t i o n  and d i s t r i b u t i o n  o f  t i m i n g  

s i g n a l s .  Func t i ons  of  t h e s e  e l e m e n t s  n o t  r e l a t e d  t o  t i m i n g  were 



n o t  c o n s i d e r e d  i n  t h i s  r e p o r t .  Such c o n s i d e r a t i o n s  a r e  beyond 

t h e  scope o f  t h i s '  document.  

A p o r t i o n  o f  t h e  i n f o r m a t i o n  p r e s e n t e d  m u s t  n e c e s s a r i l y  be c o n s i d -  

e r e d  as p r e l i m i n a r y ,  s i n c e  many e x p e r i m e n t s  and S p a c e l a b  d e s i g n  

i s s u e s  a r e  n o t  y e t  r e s o l v e d .  



2 .0  Orbi t e r /Space l  ab Timing System Overview. 

2 . 1  O r b i t e r  Timing System. 

This  s e c t i o n  d i s c u s s e s  t h e  t iming r e l a t e d  f u n c t i o n s  of t h e  

Master Timing U n i t  (MTU), t h e  Pulse  Code Modulation Master 

Unit (PCMMU), and t h e  General Purpose Computer ( G P C ) .  

2 . 1 . 1  Master Timing Unit .  

The Master Timing Unit  (MTU) i s  a  s t a b l e  c r y s t a l  c o n t r o l l e d  

f requency source  which p rov ides  f requency o u t p u t s  t o  s e l e c t e d  

S h u t t l e  O r b i t e r  subsystems and payloads .  A block diagram of 

t h e  MTU i s  shown in  Figure  2-1. The MTU has s e p a r a t e  t ime 

accumulators  f o r  Greenwich Mean Time (GMT) and Mission 

Elapsed Time (MET) which can be s e t  o r  updated by e x t e r n a l  

c o n t r o l .  The MTU i s  i n i t i a l i z e d  p r i o r  t o  l i f t - o f f  and on ly  

updated a f t e r  t h a t .  

2 . 1 . 1 . 1  I n t e r f a c e  D e f i n i t i o n .  

The MTU i n t e r f a c e s  wi th  t h e  O r b i t e r  Data System t h r o u g h  a 

Multiplexer/Demultiplexer (MDM) which s u p p l i e s  o p e r a t i o n a l  

commands v i a  a  s e r i a l  d a t a  s t ream and d i s c r e t e  D C  v o l t a g e  c o n t r o l  

s i g n a l s .  The MTU p rov ides  GMT, MET, and B u i l t - I n - T e s t -  

Equipment (BITE) s t a t u s  word v i a  t h e  M D M  i n t e r f a c e  t o  t h e  

General Purpose Computers (GPC) and Pulse  Code Modulation 

Master Uni ts  ( P C M  M U ) .  GMT and MET a r e  a l s o  genera ted  by 

t h e  MTU in  a  modified IRIG-B format  f o r  t h e  crew d i s p l a y s .  

2 .1 .1 .2  Frequency S t a b i l i t y .  

The c r y s t a l  c o n t r o l l e d  o s c i l l a t o r s  used i n  t h e  MTU a r e  

capab le  o f  providing t h e  fo l lowing  f requency 





s t a b i l i t y :  

A .  The l ong  term s t a b i l i t y  o r  d r i f t  of t h e  

o s c i l l a t o r  i s  l e s s  t h a n  o r  equa l  t o  one 

9 
p a r t  i n  1 0  p e r  day .  

B .  The s h o r t  t e rm s t a b i l i t y  o r  d r i f t  o f  t h e  

o s c i l l a t o r  f o r  t h e  RMS of  100 s u c c e s s i v e  

f r e q u e n c y  measurements  of  one  second  i n  

10 
d u r a t i o n  i s  l e s s  t h a n  one p a r t  i n  10 . 

The f r e q u e n c y  of t h e  o s c i l l a t o r  i s  4 .608  MHz o r  

a  b i n a r y  mu1 t i p l e  t h e r e o f .  The MTU can  be s e t  t o  

w i t h i n  0.7 m i l l i s e c o n d s  of  ground t i m e  pre -1  i f t o f f  

and t o  t h a t  g r a n u l a r i t y  ( b u t  n o t  t h a t  a c c u r a t e l y )  

on o r b i t .  

2 . 1 . 1 . 2 . 1  S t a b i l i z a t i o n  Time. 

The t ime  f o r  t h e  o s c i l l a t o r  t o  s t a b i l i z e  i n  a  3 5 ' ~  

temperature env i ronmen t  a f t e r  be ing  i n  a  power o f f  

s t a t e  f o r  72 hou r s  i s  g i v e n  by t h e  f o l l o w i n g :  

TIME A F T E R  
T U R N - O N  

8  h r s  

F R E Q U E N C Y  OFF-SET A N D /  
O R  DRIFT R A T E  

8  + 2  p a r t s  i n  10 / d a y  - 
9 + 7  p a r t s  i n  10 / day  - 
9 

24 h r s  + 2  p a r t s  i n  10 / d a y  - 

2 . 1 . 1 . 3  Time Code O u t p u t s .  

Each of t h e  GMT and MET a c c u m u l a t o r s  i s  c a p a b l e  of  

g e n e r a t i n g  s e r i a l  t ime  code .  Th i s  t ime  code i s  p r e -  



s e n t e d  a t  t h e  MTU ou tpu t  i n  two f a s h i o n s :  

A .  C o n t i n u a l l y  upda t ed  o u t p u t s  a t  a  r a t e  o f  

100 p u l s e s  p e r  second  i n  m o d i f i e d  IRIG-B 

f o r m a t .  The o u t p u t s  c o n s i s t  o f  f i v e  i n d e -  

penden t  d i f f e r e n t  o u t p u t s  of  s e r i a l  MET.  

These o u t p u t s  w i l l  be used t y p i c a l l y  t o  

p r o v i d e  t i m e  code  t o  r e c o r d e r s ,  s u b c a r r i e r  

o s c i l l a t o r s  and t i m e  d i s p l a y  equ ipmen t .  

B .  Demand o u t p u t s  which a r e  r e a d - o u t  upon 

r e c e i p t  of e x t e r n a l l y  s u p p l i e d  e n a b l e  s i g n a l s .  

These o u t p u t s  c o n s i s t  o f  seven  c o m p l e t e l y  i n d e -  

penden t  s e r i a l  ana log  o u t p u t s  o f  GMT, BITE, and 

MET t i m e  code  d a t a .  These o u t p u t s  c o n t a i n  

one word o f  BITE s t a t u s ,  f o l l o w e d  by t h r e e  

words o f  GMT and t h e n  t h r e e  words o f  MET.  

These o u t p u t s  a r e  used t y p i c a l l y  t o  p r o v i d e  

t i m e  code  t o  p u l s e  code m o d u l a t i o n  equ ipment  

and compu te r s .  

2 . 1 . 1 . 4  R e l i a b i l i t y .  

The MTU i s  c o n s t r u c t e d  such  t h a t  a  f i r s t  f a i l u r e  w i l l  

n o t  a f f e c t  m i s s i o n  comple t i on  and a  second  f a i l u r e  

w i l l  n o t  a f f e c t  m i s s i o n  s a f e t y .  The BITE can  check 

t h e  o v e r a l l  i n t e g r i t y  of t h e  comple t e  t i m i n g  sy s t em.  

I t  can per form s e l f - t e s t s  t o  d e t e r m i n e  i f  t h e  sys tem 



i s  100 p e r c e n t  f u n c t i o n a l  b u t  it c a n n o t  f u l l y  a n a l y z e  

t h e  n a t u r e  o f  t h e  f a i l u r e .  The BITE o u t p u t s  s i g n a l s  

d e n o t i n g  t h e  f i r s t  f a i l u r e  and a  f i r s t  f a i l u r e  f o l l o w e d  

by  a  second  f a i l u r e .  The u n i t  i s  d e s i g n e d  such  t h a t  

i t  c a n  s t i l l  f u n c t i o n  a f t e r  t h e  f i r s t  f a i l u r e .  



~Pu,l s e  Code Modulation Master Unit 

The function of the  Pulse Code Nodulation Master Unit CPCMMU) is t o  

co l l  e c t  data from the  operational instrumentation subsystem (01) , the  

payload data  in ter leaver  and f i v e  onboard General Purpose Computers 

(GPC) and format t h i s  data f o r  output t o  the  network signal  processor, 

GSE umbilical and onboard recording system. I t  is a l so  an in ter face  

device between the  Orbiter  GPC1s and the  Spacelab subsystem and experi- 

ment computers. The PCM MU a l s o  provides data s torage and access t o  

t h a t  data by the  performance monitor system over any of the  computer 

buses. 

The PCM MU outputs both 64 KBS and 128 KBS mu1 t iplexed s e r i a l  d i g i t a l  

data t o  the  network signal processor. Each output stream is formatted 

by its output formatter. Associated with these  formatters a r e  3 format 

memories; 64 KBS software updatable, 128 KBS updatable and 128 KBS 

fixed. The software updatabl e memories provide the  capabil i t y  t o  

load new formats from mass memory. 

2.1.2.1 Timing Related Functions. 

The PCM MU accepts a 4.608 MHz square wave clock pulse from the  MTU. 

I t  divides the  clock frequency a s  necessary t o  obtain a l l  in ternal  

timing re la ted  t o  the  generation of the  64 KBS and 128 KBS telemetry 

downlink data stream, the  1.152 MHz clock output t o  the  Payload Data 

In ter leaver  (PDI), and the  100 Hz IRIG-B GMT clock output. The PCM MU 

has a 4.608 internal  clock t h a t  can perform a l l  functions of the  MTU 

4.608 MHz output in  the event t h a t  t h i s  output i s  not present. In 

switching from the  MTU 4.608 MHz clock t o  the PCM MU 4.608 MHz clock, 
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pulses could he l o s t .  When t h i s  happens, the  PCM MU frequency 

dividers  a r e  not reset ,-but will suspend t h e i r  counting unt i l  the  

4.608 clock pulses resume. A s  a r e s u l t ,  a telemetry downlink format 

interruption could occur. The PCM MU clock has a Pequency s t a b i l i t y  

6 of one par t  in 10 over a s i x t y  second period. 

The r o l e  of the  PCM MU is ;ketched i n  Figure 2-2. The PCM MU 

fetches MTU GMT (48-bits), MET (48-bits) ,  and BITE (16-bits) a t  a 

r a t e  of 5 samples/second from the MTU via the Multiplexer-Demulti- 

pl exers (MDMk) and interleaves these samples in to  the  64 KBS or  128 KBS 

downlink a t  a r a t e  of 10 samples/second. The two MDM's a r e  used f o r  

redundancy purposes. The PCM MU a l so  fetches MTU GMT a t  1 sample/ 

second via the  same MDM's f o r  use by the  GPC f o r  i n i t i a l i z a t i o n  of 

the GPC software psuedo-synchronization t o  the  PCM MU downlink telemetry 

format generation. 

2.1.2.2 IRIG-B Data Skew. 

As shown in Figure 2-2, the  MTU 4.608 MHz clock pulses a r e  routed t o  

the  PCM MU and the  MTU IRIG-B GMT 100 PPS pulse i s  routed t o  the  PDI. 

There is  a l so  a 1.152 MHz clock signal from each of the  PCM M U ' S  t o  

t h e  PDI. The PDI uses t h i s  1.152 MHz (not synchronized t o  the  IRIG-B 

pulse) f o r  internal  timing. The PDI has an internal  4.608 MHz o s c i l l a t o r  

(not slaved t o  the  MTU) w i t h  a divide by 4 c i r c u i t  which y ie lds  a 1.152 

MHz clock from the  PCM MU b u t  loss  of t h i s  clock ( o r  delays exceeding 

a1.15 MHz period) wi 11 cause the  PDI t o  switch over t o  i t s  internal  

clock. A1 so, swi tchover from PCM MU1 t o  PCM MU2 will cause the  PDI 

t o  switch over t o  i t s  own 1 .I52 MHz clock unt i l  the  PCM MU2 1 .I52 MHz 

clock i s  s tabi l ized.  Each switchover can cause an o f f s e t  e r r o r  of IRIG-B 

data by no more than 868 NS. 



2.1.3 General Purpose Computer 
The General Purpose Computer (GPC) provides the following capabi 1 i t i e s  

for processing orbiter data: computation for the guidance, navigation 
and control subsystem, payl oad control for the manipulators, payl oad 

management, time keeping functions, and system performance monitoring 
for  the Shuttle orbiter.  This section will address the time keeping 

functions of the GPC. 

2.1.3.1 GPC Time Keeping 
There are five GPC's aboard the Orbiter, a l l  of which can perform 
timing related functions. Each GPC has two program setable real-time 

clock registers capable of being incremented from either an external 
clock source and/or the GPC internal clock oscillator.  The interval 
to  be measured by clocks 1 and 2 should be a t  least 2 seconds. Each 

GPC clock keeps internal GMT and Mission Elapsed Time (MET) with a 
resolution of a t  least  one microsecond. The GPC t o  MTU and MTU to  GPC 

time words have a resolution of 0.125 mill iseconds. The GPC will 
update i t s  clock times about once each second using the MTU, providing 
that the MTU passes the redundancy management tests .  These tes ts  
are based data from the three MTU registers, BITE, etc.,  and on-clock 
times from each of the four primary GPC's obtained via the computer 
to  computer interfaces. Each GPC updates i t se l f  every 960 ms using the 
f i r s t  source shown below that i s  within tolerance to  the GPC GMT: MTU 

accumulator 1, MTU accumulator 2,  MTU accumulator 3 ,  internal time 
of another GPC, and self time (no update). Thus, a failed GPC clock 
will cause that GTC to be failed by the others without pollution. 
However, the crew can command a change t o  the f i r s t  source alternative. 

The accuracy of GPC internal time versus MTU time while using the MTU 

updates i s  as follows: the maximum difference amoung GPC's i s  9 2 ~ s ;  
the maximum GPC versus MTU difference i s  235~s.  These differences 
are valid only for a normal GPC environment. Error messages advise 
the crew and ground of MTU indicated problems or a GPC selected source 
change. 



GPCtiming andini t ial izat ion i s  as follows. The  f i r s t  

GPC in i t ia l izes  GMT and MET from the MTU unless the backup systm 

has control, in which case, the GPC uses GMT and NET from the PCM MU. 

Subsequent G P C s s  in i t ia l ize  in coordination with those GPC" running. 

The GMT and MET can be updated by crew cormand, by launch data bus 

or uplink equivalent. Updates to the GMT should be limited to a 

maximum of 15 milliseconds since the updates cause the GPC Lo think 

i t  has a work backlog or lead. If the cumulative GMT updates exceed 

approximately 15 milliseconds, the downlist will be shifted in the 

window of the downlink. An option for updates of magnitudes of 

greater than 15 milliseconds i s  to go to OPS zero, which i s  an idle 

mode of the GPG, and update GMT. The GPC does not use MTU MET, 

instead MET i s  computed from GMT. Any MET update can be accommodated 

a t  any time. The GPC logs the GN of ofliftoff (which i s  called MET 

reference). The crew can display MET (not MTU MET) which i s  the 

difference between the GlvilLO and the current GMT, This MET can a1 so 

be downl isted; however, should the crew elect to display GMT onboard, 

GMT would be downl isted in the MET word s lo t .  The GPC GMT i s  i n  

every data cycle header (once per second) of a l l  downlist formats and 

consists of two 16-bit words of binary microseconds, modulo one-half 

hour and on@ 16-bi t word of half hours. The GPC GMT i s  the s t a r t  of 

a minor cycle rather than the time any data was computed or obtained 

by the GPC. The downlist ( G D C  to PCM M U )  Is sent one minor cycle ( 4 0 ~ s )  

af ter  loading. When switching between PCM MU1 t o  PCM MU2, the effect 

i s  similar to GMT update of greater than 15 milliseconds and the loss 

of data can be from two to five seconds until t h e  ground can get a 

valid frame of data. 



2 . 2  ORBITER/SPACELAB TIMING INTERFACE 

The Orbiter MTU provides pulse duration modulated time code signals 
and square wave clock signals to Spacelab. Two modified IRIG-B time 
code signals are also provided, one containing GMT, and the other 
containing MET, each of which shall be updated once per second. The 
absolute GMT time data does not deviate by more than 2 10 milliseconds 
from the ground station GMT Reference Time Standard a t  any time d u r i n g  

a 7-day mission, and i s  synchronized w i t h  the ground GMT a t  certain 
times d u r i n g  mission, subject to mission procedural constraints, 
to prevent unacceptable time base perturbations. The MET will be 
reset to  zero by the Orbiter a t  T-0 and shall be synchronized and 
updated from the ground. 

A more detailed description of the Orbiter Time Distribution Systec i s  

. presented i n  paragraph 2 .3 .3 .  

*See r e f e r e n c e  11 f o r  an exp lana t ion  o f  IRIG fo rmats .  



Spacelab Timing System. 

In t h i s  s e c t i o n  t h e  f u n c t i o n  of  va r ious  components of t h e  

Spacelab Timing System a r e  d i scussed .  Experiment da ta  t ime 

t agg ing  methods a r e  a l s o  d i scussed .  

2 . 3 . 1  High Data Rate Acqu i s i t ion  Assembly. 

The H i g h  Data Rate Acqu i s i t ion  Assembly (HDRAA) i s  used t o  

c o l l e c t  on-board Spacelab experiment da ta  and t o  t ime m u l t i p l e x  

those  da ta  t o g e t h e r  wi th  IRIG B Time, 1 /0  Outputs ,  Playback 

Data from on-baord r e c o r d e r s ,  and d i g i t i z e d  voice .  The m u l t i -  ' 

plexed s i g n a l  i s  then s e r i a l l y  t r a n s m i t t e d  t o  t h e  ground v ia  

t h e  o r b i t e r  K U  Band s i g n a l  p rocessor ,  rece ived by t h e  ground 

s t a t i o n  r e c e i v e r ,  inc lud ing  b i t  synchron ize r ,  and demul t ip lexed 

t o  r ecover  on ground t h e  same channels  a s  p resen ted  on-board 

a t  t h e  i n p u t s .  F igure  2-3 i s  a  block diagram of H R A A .  

2 . 3 . 1 . 9  High Rate Mul t ip lexe r .  

S ince  t h e  High Rate Mul t ip lexe r  (HRM) r e p r e s e n t s  t h e  c o r e  of 

t h e  H D R A A ,  t h e  t a s k s  of t h e  H R M  a r e  not  c o n s t r a i n e d  t o  t h e  

a c t u a l  da ta  mul t ip lex ing .  The H R M  a l s o  c o n t r o l s  t h e  da ta  

r o u t i n g  wi th in  t h e  on-board p a r t  of  t h e  H D R A A ,  i t  performs 

t h e  voice  d i g i t i z i n g  and GMT decoding,  and i t  provides  

e l e c t r i c a l  i n t e r f a c e  c i r c u i t s  t o  t h e  on-board i n t e r 1  inking 

equipment. A block diagram of t h e  H R M  i s  shown i n  Figure  2-4. 

The H R M  i s  designed t o :  

A .  Accept: 

o  1 6  swi tchab le  channels  from t h e  exper iments .  

o  2 d i r e c t  channels  from t h e  exper iments .  

o  1 inpu t  from t h e  High Data Rate Recorder (HDRR). 
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o  1 i n p u t  f r o m  t h e  p a y l o a d  r e c o r d e r  (PLR) .  

o  2  d a t a  c h a n n e l s  f r o m  t h e  i n p u t l o u t p u t  u n i t  ( I / O B s s ) .  

o  1 GMT s i g n a l  f r o m  t h e  Remote A m p l i f i e r  a n d  A d v i s o r y  

Box (RAAB). 

o  Commands f r o m  t h e  S u b s y s t e m  1 1 0  t h r o u g h  t h e  S u b s y s t e m  

Bus.  

o  3 a n a l o g  c h a n n e l s  f r o m  t h e  v o i c e  i n t e r c o m m u n i c a t i o n  

s y s  t em.  

B. M u l t i p l e x  a n d / o r  t r a n s m i t  d i r e c t l y  a l l  o r  p a r t  o f  i t s  

i n p u t s  t o  t h e  o u t p u t s  l i s t e d  b e l o w ,  d e p e n d i n g  o n  t h e  c h o s e n  

modes. 

C.  O u t p u t  s i g n a l s  t o :  

o  O r b i t e r  KU Band S i g n a l  P r o c e s s o r  (KUSP) . 

o  O r b i t e r  p a y l o a d  r e c o r d e r  f o r  med ium r a t e  r e c o r d i n g  

o  S p a c e l a b  h i g h  d a t a  r a t e  r e c o r d e r  f o r  h i g h  r a t e  

r e c o r d i n g  

o  Remote A c q u i  s i  t i o n  U n i t s  (RAU) f o r  m o n i t o r i n g  p u r p o s e s .  

2 .3 .1 .1 .2  MULTIPLEXING CONCEPT. 

The  HRM c o l l e c t s  s e r i a l  d a t a  f r o m  d i f f e r e n t  s o u r c e s p e r f o r m s  a  

t i m e  d i v i s i o n  m u l t i p l e x i n g  b a s e d  o n  1 6 - b i t  t i m e  i n t e r v a l s  and ,  

f i n a l l y  d e l i v e r s  a n  o u t p u t  o n  o n e  s e r i a l  d a t a  s t r e a m  c o n t a i n -  

i n g  a l l  t h e  i n p u t  d a t a .  

The m a i n  c h a r a c t e r i s t i c  o f  t h e  c o n c e p t  e m p l o y e d  i s  t h e  c a p a -  

b i l i t y  t o  a c c e p t  s e r i a l  d a t a  t h a t  a r e  c o m p l e t e l y  a s c h r o n o u s  



with r e s p e c t  t o  t h e  H R M  i n t e r n a l  c lock .  The decoupling of  

t h e  i n p u t  clock from t h e  H R M  i n t e r n a l  c lock i s  performed by 

means of 4 X 16 b i t  b u f f e r .  

In a  sequence determined by theHRM format  loaded,  t h e  format  

c o n t r o l l e r  f e t c h e s  one 1 6 - b i t  word o u t  of t h e  i n p u t  b u f f e r  

and t r a n s f e r s  i t  t o  t h e H R M  o u t p u t  r e g i s t e r ,  where i t  i s  

s e r i a l i z e d .  In t h e  case  of an empty b u f f e r ,  a  f i l l  word 

i s  in t roduced ,  which can be i d e n t i f i e d  a s  such by means of t h e  

f i l l  i d e n t i f i c a t i o n  a s  a  p a r t  of t h e  frame overhead.  During 

demul t i p l e x i n g  on ground,  t h e  f i l l  words a r e  a u t o m a t i c a l l y  

suppressed.  

Only two c o n s t r a i n t s  a r e  imposed on i n p u t  d a t a  by t h i s  method: 

o  The i n p u t  b i t  r a t e  averaged over  any sequence of 64 b i t s  

s h a l l  not  be h igher  than t h e  nominal da ta  r a t e  a l l o c a t e d .  

The nominal d a t a  r a t e  i s  determined by t h e  H R M  formal s e l e c t e d .  

I f  t h e  i n p u t  b i t  r a t e  i s  h i g h e r ,  t h e  i n p u t  b u f f e r  w i l l  over-  

f low. Overflows a r e  announced t o  the  Subsystem Computer. 

o  The peak b i t  r a t e  s h a l l  not  be h igher  than 1 6  MB/S. This 

c o n s t r a i n t  i s  due t o  the  hardware l i m i t a t i o n  of t h e  H R M  

i n p u t  c i r c u i t s .  

S e r i a l  da ta  d e l i v e r e d  t o  the  H R M  w i l l  be recovered on-ground 

from t h e  H R D M  completely unchanged. This 



deans t h a t  the user himself has t o  take care o f  formatting 

and s t ruc tur ing  of his s e r i a l  data .  To f a c i l i t a t e  t h i s  

task ,  each HRM experiment channel can operate in  two d i f f e r e n t  

modes as  follows: 

N O R M A L  M O D E .  

I n  t h i s  mode, the word s t ruc tu re  in the H R M  output frames 

a re  n o t  a t  a l l  correlated with any s t ruc tu re  of the input 

data .  The s e r i a l  data i s  a r b i t r a r i l y  chopped in to  16-bi t  

words fo r  pa ra l l e l  processing inside the H R M .  Consequently, 

the user has t o  i n s e r t  some kind of sync pat tern in to  his  

s e r i a l  input b i t  stream in order to  be ab le  t o  ex t r ac t  o n  

ground his  s c i e n t i f i c  data o u t  of the s e r i a l  b i t  stream o f  

his  o u t p u t  channel. 

W O R D  T R A N S P A R E N C Y  MODE*. 

In t h i s  mode, the input data can be s t ruc tured  i n t o  words 

t h a t ,  a f t e r  multiplexing, can be iden t i f i ed  as words in the 

H R M  o u t p u t  frames in those posi t ions determined by the chosen 

format. Synchronously with the frame or format pulse,  which 

indica tes  t h e  beginning of a  new frame o r  format respec t ive ly ,  

experiment data can be delivered t o  the HRM in bursts  o f  16-bi t  

words. Because the clock counter i s  r e s e t  a t  the beginning 

of each format, these words a r e  ident ica l  t o  the in te rna l  

words the H R M  handles in para1 1 e l .  

*This mode i s  under review and could be deleted.  



I n  t h i s  mode t h e  H R M  d e l i v e r s  t h e  d a t a  words w i t h o u t  b i t  

r a t e  smooth ing  a t  t h e  nominal b i t  r a t e  a l l o c a t e d  t o  t h e  p a r t i -  

c u l a r  e x p e r i m e n t  c h a n n e l .  The mode (normal  o r  word t r a n s -  

p a r e n c y )  o f  e a c h  i n p u t  c h a n n e l  i s  d e t e r m i n e d  by an e x t e r n a l  

H R M  c o n n e c t o r .  T h i s  c o n n e c t o r  i s  programmed by h a r d w i r e d  

jumpers  on a  m i s s i o n - t o - m i s s i o n  b a s i s .  

2 . 3 . 1 . 2  HIGH R A T E  DEMULTIPLEXER. 

The High R a t e  D e m u l t i p l e x e r  (HRDM) i s  t h e  c o m p l i m e n t a r y  

p a r t  of t h e  H R M  i n  r e s p e c t  t o  t h e  f u n c t i o n a l  p e r f o r m a n c e  

and t h e  t y p e  and  number o f  o u t p u t  c h a n n e l s .  I t  p r o v i d e s  

o n - l i n e  and o f f - l i n e  decommuta t ion  o f  t h e  d a t a  s t r e a m  r e c e i v e d  

on g round  v i a  t h e  TDRSS l i n k .  A b l o c k  d i a g r a m  of  t h e  H R D M  

i s  shown i n  F i g u r e  2 - 5 .  

T h e  H R D M  i s  d e s i g n e d  t o :  

A; A c c e p t :  

o  1 s e r i a l  s t r e a m  of  d a t a  f rom t h e  b i t  s y n c h r o n i z e r .  

o  commands f rom t h e  g round  c o m p u t e r  s y s t e m .  

B. Demul t i p 1  ex  a n d / o r  t r a n s m i t  d i r e c t l y  , d e p e n d i n g  on t h e  

mode, d a t a  t o  t h e  f o l l o w i n g  o u t p u t s :  

o  16 e x p e r i m e n t  c h a n n e l s  ( 2 0 0  B/S t o  1 6  MBIS) 

o  1  H D R R  c h a n n e l  ( 2 / 4 / 8 /  121 1 6 / 2 4 / 3 2  MB/S) 

o  1 p a y l o a d  r e c o r d e r  c h a n n e l  ( 1  MBIS) 

o  2  110 c h a n n e l s  ( 2 0 0  B/S t o  0 . 5  MB/S) 
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o  GMT s i g n a l s  

o  vo ice  channels  ( 3  ana log ,  3 d i g i t a l )  

2 . 3 , 1 . 2 . 1  DEMULTIPLEXING C O N C E P T .  

The format g e n e r a t o r  s t o r e s  u p  t o  16 formats  i n  programable 

read-only  memories (PROM's), p lus  two formats  i n  random 

a c c e s s  memories (RAM's). Each format c o n s i s t s  of 768 8 - b i t  

words. Each word p r e s e n t s  t h e  channel a d d r e s s  of the  c o r r e s -  

ponding word in  t h e  format .  One frame of the  H R D M  i n p u t  

da ta  c o n s i s t s  of 96 words, so one format  r e p e a t s  every 

e i g h t  frames.  The two RAM's can be loaded from a  ground 

computer. 

In t h e  Bose-Choundhur i -Hocquenghem (BCH) decoder and d a t a  

b u f f e r ,  t h e  d a t a  i s  buf fe red  l i n e s b y - l i n e  and the  f i l l  

i d e n t i f i c a t i o n  word i s  decoded. Each 1 i n e  i s  then decammutated, 

f i l l  words a r e  removed, and t h e  d e t e c t e d  da ta  i s  s e n t  t o  t h e  

a p p r o p r i a t e  o u t p u t  channel b u f f e r .  

The o u t p u t  b u f f e r s  c o n s i s t  of f i r s t  i n  f i r s t  o u t  (FIFO) 

memories capable  of s t o r i n g  6 4  1 6 - b i t  words. Data i s  loaded 

i n  p a r a l l e l  i n t o  t h e  FIFO from the  B C H  decoder and da ta  b u f f e r  

a s  i t  i s  a v a i l a b l e  from t h e  i n p u t  d a t a  s t ream.  The da ta  words 

a u t o m a t i c a l l y  bubble through t h e  b u f f e r  from top t o  bottom. The 

da ta  i s  removed from the  FIFO a t  the  a p p r o p r i a t e  r a t e  t o  



a c h e i v e  t h e  programmed o u t p u t  b i t  r a t e  f o r  e v e r y  channe l ,  

2 . 3 . 1 . 2 . 2  OUTPUT M O D E S .  

Two o u t p u t  modes can  be s e l e c t e d :  c o n t i n u o u s  a round  a  p r o -  

grammed b i t  r a t e  (51 P e r c e n t ) ,  and b u r s t  mode. 

I n  t h e  c o n t i n u o u s  mode, t h e  HRDM p r o v i d e s  a  smooth ing  o f  t h e  

o u t p u t  d a t a  s t r eam t h a t  o t h e r w i s e  m i g h t  have gaps caused  

by  commuta t ion  o f  o t h e r  channe l s .  The c l o c k  r e g u l a t o r  checks  

whether  t h e  c o n t e n t s  o f  t h e  b u f f e r  i s  more o r  l e s s  t h a n  

32  words. T h i s  i n f o r m a t i o n  i s  i n p u t  t o  a  m i c r o - p r o c e s s o r  

t h a t  can  a d j u s t  t h e  c l o c k - o u t  f r equency  t o  w i t h i n  51 p e r c e n t .  

I n  t h e  b u r s t  mode, t h e  c l o c k  r e g u l a t i o n  i s  d i s a b l e d .  The 

d a t a  i s  c l o c k e d  o u t  a t  a  f i x e d  p r e d e t e r m i n e d  f r e q u e n c y  as  

i t  i s  decommutated. Time d e l a y s  a r e  caused o n l y  by t h e  

i n t e r m e d i a t e  l i n e - b y - l i n e  b u f f e r i n g  and t h e  o u t p u t  b u f f e r  

b u b b l e - t h r o u g h  l i n e  wh i ch  i s  a b o u t  2 h S .  

The s e l e c t i o n  o f  t h e  o u t p u t  b i t  r a t e  o f  and t h e  mode f o r  each 

channe l  i s  p a r t  o f  t h e  f o rma t  s e l e c t e d .  



2.3 .2  Remote A c q u i s i t i o n  U n i t .  

The Remote A c q u i s i t i o n  U n i t s  (RAU's)  a r e  t h e  p r i n c i p a l  

i n t e r f a c e s  f o r  t h e  b i d i r e c t i o n a l  l i n k  be tween  e x p e r i m e n t s  

and  t h e  Command a n d  t h e  D a t a  Management Sys tem (CDMS) 

f o r  a c q u i s i t i o n  o f  l o w  b i t  r a t e  d i g i t a l  d a t a ,  a n a l o g  

d a t a  and d i s t r i b u t i o n  o f  commands. 

2 .3 .2 .1  F u n c t i o n a l  Concep t .  

The d a t a  exchange  be tween  RAU's and  t h e  110 u n i t  i s  

p e r f o r m e d  v i a  s i m p l e x  s e r i a l  buses  w i t h  1 Mb/s c l o c k  r a t e .  

The d a t a  a r e  encoded  i n  a  s e l f - c l o c k i n g  b i p h a s e  code  

( M a n c h e s t e r  1 1 ) .  Each e x p e r i m e n t  RAU i n c o r p o r a t e s  t h e  

f o l l o w i n g  u s e r  i n t e r f a c e s :  

A.  I n p u t s .  

o  1 2 8  f l e x i b l e  d i f f e r e n t i a l  i n p u t s  f o r  a n a l o g  o r  

d i s c r e t e  s i g n a l s .  

o  4 s e r i a l  PCM d a t a  c h a n n e l s  w i t h  a s s o c i a t e d  c l o c k s ,  

code  NRZ-L. 

B. O u t p u t .  

o  64 ON/OFF command c h a n n e l s  

o  4 s e r i a l  PCM command c h a n n e l s  w i t h  a s s o c i a t e d  

c l o c k s ,  code  NRZ-L 

c 4 U s e r  T ime C l o c k  c h a n n e l s  (1024kHz)  

o  4 U s e r  Time C l o c k  U p d a t e  c h a n n e l s ,  4 p u l s e  

c y c l  e s / s .  



A b l o c k  d i ag ram o f  t h e  RAU i s  shown i n  F i g u r e  2 - 6 .  

The RAU d a t a  a c q u i s i t i o n  i s  based on a  s o f t w a r e  c o n t r o l l e d  

concep t .  The s o f t w a r e  f o r  subsystem d a t a  a c q u i s i t i o n  

and c o n t r o l  i s  p r o v i d e d  by  Spacelab.  The s o f t w a r e  f o r  

e x p e r i m e n t  d a t a  a c q u i s i t i o n  and c o n t r o l  has t o  be 

p r o v i d e d  by  t h e  e x p e r i m e n t e r  i n  accordance  w i t h  h i s  r e -  

q u i r e m e n t s .  A p p l i c a b l e  p o r t i o n s  o f  t h e  Space lab  s o f t w a r e  

can be used by t h e  e x p e r i m e n t e r .  

The RAU's w i l l  be scanned p e r i o d i c a l l y  w i t h  b a s i c  p e r i o d s  

o f  10 ms, 100 ms, o r  1 second. Each scan  c y c l e  w i l l  be 

i n i t i a t e d  and c o n t r o l l e d  by t h e  Genera l  Measurement Loop 

w h i c h  i s  p a r t  o f  t h e  Space lab  computer  s o f t w a r e ,  The 

e x p e r i m e n t e r s  may d e s i g n  t h e i r  own s o f t w a r e  t o  g e n e r a t e  

a d d i t i o n a l  measurement c y c l e s  u s i n g  t h e  o p e r a t i n g  system 

t a s k  s c h e d u l e r .  T h i s  s c h e d u l e r  w i l l  a c c e p t  p r i o r i t y  

l e v e l s  and queue up e x p e r i m e n t  s o f t w a r e  r e q u e s t s  f o r  

d a t a  and command t r a n s m i s s i o n .  

2.3.2.2 P h y s i c a l  Concept .  

T h i r t y - t w o  d i f f e r e n t  addresses  a r e  f o r e s e e n  f o r  t h e  RAUts 

on a  bus. The add ress  f o r  a  p a r t i c u l a r  R A U  i s  d e t e r m i n e d  

by a  p a t c h  c o n n e c t o r .  For  e l e c t r i c a l  r easons  t h e  buses 

(S/S and e x p e r i m e n t  b u s )  a r e  s p l i t  i n t o  two b ranches ,  

c a u s i n g  a  s p l i t  o f  t h e  32  R A U  addresses  on each bus. 
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The s p l i t  f o r  the S/S bus i s :  

o  A F D  branch, addresses 0-7 ( including IPS SJS RAU's) 

o Main branch, addresses 8-31. 

The s p l i t  f o r  the experiment bus i s :  

o Airlock branch, addresses 0-7  ( including IPS experi-  

ment RAU's) 

o  Main branch, addresses 8-31. 

The e l e c t r i c a l  c h a r a c t e r i s t i c s  of the buses allow the 

accommodation of u p  to 2 2  RAUts per branch. Eight 

experiment RAU's i s  the t o t a l  number of uni t s  delivered 

by the Spacelab program. 

Experiment RAUts can be connected to  the experiment 

data bus a t  a  number of interconnecting s t a t i o n s  ( I S ' S )  

in the module and o n  each p a l l e t .  There a r e  two i n t e r -  

connecting s t a t i o n s  in the core segment, th ree  in the 

experiment segment, and two on  each p a l l e t  segment. Each 

s t a t i o n  accommoda t e s  two R A U  ' s .  

The Spacelab base1 ine provides standard loca t ions  fo r  WAU"s 

in  the lower pa r t  of the experiment racks.  However, the 

concept allows the user t o  i n t eg ra t e  RAU's together with 

his  experiment equipment, i f  he uses his own  racks and/ 

o r  experiment equipment mounted d i r e c t l y  t o  the center  



a i s l e  o r  t o  t h e  p a l l e t .  In every case  t h e  user  has t o  

ensure  t h a t  t h e  c a b l e  l e n g t h  between R A U  and I S  i s  l e s s  

than 5 me te r s ,  and t h a t  t h e  a p p l i c a b l e  i n t e r f a c e  s p e c i -  

f i c a t i o n s  of the  R A U  a r e  met in  accordance with EQ-MA-0003. 

There a r e  two d i f f e r e n t  types  of RAU.  The s m a l l e r  type  

i s  t h e  subsystem R A U  c o n s i s t i n g  of the  power supply 

module, co re  module, and t h e  i n t e r f a c e  module 

The l a r g e r  type  i s  t h e  experiment R A U  c o n s i s t i n g  

of the  subsystem RAU modules p lus  t h e  experiment module 

(which provides  s e r i a l  PCM i n p u t  and o u t p u t s )  and the  

User Time Clock (UTC) module. The f u n c t i o n s  of t'he R A U  

a r e  desc r ibed  i n  t h e  subsequent  paragraphs .  

2 . 3 . 2 . 3  R A U  - Experiment Link. 

The R A U  - Experiment Link i s  broken down i n t o  two c a s e s :  

da ta  t r a n s f e r  from RAU t o  t h e  experiments and da ta  t r a n s f e r  

from the  experiments t o  t h e  RAU.  

2 . 3 . 2 . 3 . 1  Data From R A U  To Experiments. 

The da ta  t r a n s f e r  from t h e  RAU t o  t h e  experiments comes 

from t h e  fo l lowing t h r e e  s o u r c e s :  

A .  S e r i a l  PCM Command Channel. 

Four R A U  channels  can d e l i v e r  s e r i a l  PCM commands t o  

t h e  exper iments ,  i n  connect ion  with f o u r  R A U  provided 



1 MHz c l o c k  p u l s e s .  The c o d e  i s  NRZ-L. The m a x i -  

mum command exchange  p e r  s o f t w a r e  r e q u e s t e d  t r a n s -  

a c t i o n  w i  11  be t h i r t y - t w o  1 6 - b i  t - w o r d s  ( p l u s  p a r i t y  

b i t ) .  The t i m e  gap be tween  each  t w o  t r a n s m i t t e d  

words  w i l l  b e  3 p s .  I n  a d d i t i o n  t o  commands t o  c o n t r o l  

e x p e r i m e n t  f u n c t i o n s ,  t h e  u s e r  may r e c e i v e  v i a  t h i s  

l i n k  a d d i t i o n a l  s o f t w a r e  g e n e r a t e d  i n f o r m a t i o n  s u c h  

as  GMT, MET, g r o u n d  d a t a ,  O r b i t e r  s t a t e  v e c t o r ,  e t c .  

B. OnIOff  Commands. 

Each RAU w i l l  p r o v i d e  64  O n / O f f  commands a s  c o n s t a n t  

v o l t a g e  l e v e l s  t o  t h e  e x p e r i m e n t s .  These o u t p u t s  may 

be used  t o  s e t  o r  r e s e t  e x p e r i m e n t  f u n c t i o n s .  Each 

OnIOff  command o u t p u t  has  t o  be i n d i v i d u a l l y  a d d r e s s e d  

b y  t h e  c o m p u t e r  s o f t w a r e .  The l o a d  c a p a b i l i t y  o f  

t h e s e  RAU o u t p u t s  i s  d e s i g n e d  t o  d r i v e  o p t o - c o u p l e r s  

d i r e c t l y .  

C .  U s e r  Time C l o c k  O u t p u t s .  

The e x p e r i m e n t e r  can  r e c e i v e  t i m i n g  i n f o r m a t i o n  f r o m  

t h e  RAU UTC modu le .  A 1024 kHz c l o c k  ( d u t y  c y c l e  0 .5 )  

and  a n  u p d a t e  p u l s e  g r o u p  ( e v e r y  250 ms) a r e  a v a i l a b l e .  

These s i g n a l s  a r e  d e r i v e d  f r o m  t h e  m a s t e r  o s c i l l a t o r  

i n  t h e  O r b i t e r  MTU a n d  a r e  t h e r e f o r e  s y n c h r o n i z e d  w i t h  

GMT w i t h i n  t h e  a c c u r a c i e s  o f  t h e  coun t -down  e l e c t r o n i c s  



cha ins  of t h e  O r b i t e r  MTU. 

2 . 3 . 2 . 3 . 2  Data From Experiment To R A U .  

The da ta  i s  t r a n s f e r e d  from t h e  experiments t o  t h e  R A U  

from t h e  fo l lowing two sources :  

A .  S e r i a l  PCM Data Channel. 

Four R A U  channels  a r e  a v a i l a b l e  t o  t r a n s f e r  N R Z - L  

coded s e r i a l  PCM da ta  from experiments v ia  R A U  t o  t h e  

computer. Each channel c o n s i s t s  of a  da ta  l i n e ,  a  

c lock  l i n e ,  and a  r e q u e s t  l i n e .  The R A U  w i l l  a c c e p t  

from t h e  experiment 17 b i t  words, inc lud ing  a u s e r  

genera ted  p a r i t y  b i t  a s  long a s  t h e  user  provides  

a  l o g i c  one l e v e l  on t h e  r e q u e s t  l i n e .  However, an 

i n t e r n a l  t imer  i n  t h e  R A U  w i l l  r e s t r i c t  t h e  number 

of s e r i a l  da ta  words accepted  t o  a  maximum of 32. I f  

t h e  r e q u e s t  l i n e  l e v e l  changes from one t o  zero  

dur ing t h e  t r ansmiss ion  of a  word, a l l  17 b i t s  

of t h i s  word w i l l  be accepted  by t h e  R A U  and t r a n s m i t t e d  

t o  t h e  computer.  Each s e r i a l  PCM da ta  channel w i l l  

provide  t h e  use r  with a  1 MHz c lock s i g n a l  t o  read  

ou t  the  da ta  con ta ined  i n  t h e  experiment b u f f e r s .  

With a p p r o p r i a t e  so f tware  i t  i s  f e a s i b l e  t o  announce 

t h e  r e q u e s t  f o r  s e r i a l  PCM d a t a  by an On/Off command 

t o  t h e  exper iments .  N O T E :  The p a r i t y  b i t  i s  a s s igned  



t o  a  va lue  t h a t  makes t h e  number of ones i n  each 

1 7 - b i t  word an odd number. The s t a t u s  (one o r  z e r o )  

of t h e  experiment provided s e r i a l  PCM da ta  r e q u e s t  

l i n e s  may be scanned by the  RAU on a  s p e c i a l  so f tware  

r e q u e s t  and t r a n s f e r r e d  t o  t h e  experiment computer. 

In t h i s  s p e c i a l  case  t h e  f o u r  r e q u e s t  l i n e s  w i l l  be 

handled l i k e  d i s c r e t e s .  

6 .  F l e x i b l e  Inpu t s .  

The experiment RAU provides  128 f l e x i b l e  i n p u t s .  The 

e l e c t r i c a l l y  i d e n t i c a l  d i f f e r e n t i a l  i n p u t s  can be 

programmed t o  a c c e p t  e i  t h e r  : 

o  D i s c r e t e  i n p u t  s i g n a l s  ( i . e . ,  one b i t  of p a r a l l e l  

d i g i t a l  d a t a )  

o  Analog i n p u t  s i g n a l s  which a r e  d i g i t i z e d  i n  t h e  R A U .  

The use of f l e x i b l e  i n p u t s  a s  analog o r  d i s c r e t e  channels  

i s  determined by t h e  a c t u a l  so f tware  r e q u e s t  ( i . e . ,  i n  

p r i n c i p l e  each f l e x i b l e  i n p u t  may be changed from 

analog t o  d i s c r e t e  o r  v i c e  versa  between two subsequent  

so f tware  a c q u i s i t i o n  commands). However, i n  t h e  case  

of d i s c r e t e  da ta  a c q u i s i t i o n  on ly ,  blocks of 16 i n p u t s  

a r e  a d d r e s s a b l e .  Thus 1 6  b i t s  i n  p a r a l l e l  a r e  accepted  

and,  a f t e r  a d d i t i o n  of one p a r i t y  b i t  i n  t h e  RAU, they  

a r e  s e r i a l l y  t r a n s f e r r e d  t o  the  computer v i a  t h e  110 



u n i t .  The number of 1 6 - b i t  blocks accepted  dur ing 

one scan c y c l e  i s  so f tware  c o n t r o l l e d  and may vary 

from 1 t o  8 .  In t h e  c a s e  of analog da ta  a c q u i s i t i o n ,  

two a d j a c e n t  i n p u t  channels  (analog s i n g l e  mode) o r  

blocks of 16 i n p u t  channel s  (analog scanning mode) 

a r e  a d d r e s s a b l e .  The s e l e c t i o n  of t h e  a c q u i s i t i o n  

mode i s  so f tware  c o n t r o l 1  ed.  

The a n a l o g l d i g i t a l  convers ion  has a  r e s o l u t i o n  of 

8 b i t s ;  thus  t h e  convers ion  of s i g n a l s  i n  two a d j a -  

c e n t  i n p u t  channels  l e a d s  t o  a 1 6 - b i t  word. This  

word, a f t e r  a d d i t i o n  of one p a r i t y  b i t ,  i s  s e n t  v i a  

t h e  s e r i a l  da ta  bus t o  t h e  1 / 0  u n i t .  In t h e  analog 

scanning mode u p  t o  '64 words per  so f tware  r e q u e s t  

can be t r a n s m i t t e d  t o  t h e  1 /0  u n i t .  

2 . 3 . 2 . 4  110 U n i t  - R A U  Link. 

The experiment RAU's a r e  l inked  t o  t h e  110 u n i t  by t h e  

experiment bus. The d a t a  bus c o n s i s t s  of a  s implex 

command l i n e  which c a r r i e s  i n s t r u c t i o n s  and da ta  from 

t h e  1 /0  u n i t  t o  t h e  RAU's and a  simplex da ta  l i n e  which 

c a r r i e s  responses  and da ta  from RAU's back t o  t h e  110 

u n i t .  The da ta  bus and t h e  i n t e r f a c e s  a t  t h e  I10 u n i t  

and t h e  RAU's a r e  dual redundant .  I n s t r u c t i o n s  and da ta  



a r e  t r a n s f e r r e d  a t  1 Mb/s i n  1 6 - b i t  p l u s  p a r i t y  words 

i n  Manchester I1  ( B i p h a s e - l e v e l )  code. Each word i s  

preceded by a  3 p s  nonvalid Manchester synchron iza t ion  

s i g n a l .  

A n  a d d i t i o n a l  "c lock bus" i s  a l s o  provided which d i s t r i -  

bu tes  t h e  MTU de r ived  1024 KHz clock and update pu l ses  

from t h e  110 u n i t  t o  t h e  experiment RAU's f o r  t h e  u s e r .  

The d a t a  bus and the  RAU/bus i n t e r f a c e  i s  dual redundant .  

The subsystem bus connect ing  the  subsystem RAU's t o  t h e  

subsystem 110 u n i t  i s  s i m i l a r  t o  t h e  experiment bus excep t  

t h a t  t h e  "c lock  bus" i s  not  provided.  The 110 u n i t  - R A U  

l i n k  can be broken down f u r t h e r  i n t o  two p a r t s :  command 

t r a n s f e r  and da ta  t r a n s f e r .  

2.3.2.4.1 Command T r a n s f e r .  

A .  S e r i a l  PCM Commands. 

The t r a n s f e r  w i l l  s t a r t  with a  sync p a t t e r n  and an 

i n s t r u c t i o n  word fol lowed by t h e  i n v e r t e d  sync and 

the  i n v e r t e d  i n s t r u c t i o n  word. The i n s t r u c t i o n  word 

i  ncl udes R A U  a d d r e s s ,  opera t i o n  code,  and channel 

address  a s  sketched below. A f t e r  t h e  acceptance  of 

t h i s  message t h e  R A U  w i l l  send back an acknowledgement 

sync t o  t h e  110 u n i t  ( t ime  delay  < l o p s ) .  The I / Q  



u n i t  now s t a r t s  t h e  t r a n s m i s s i o n  o f  command i n f o r m a t i o n  

as 16 b i t s  + p a r i t y  d a t a  words as a  b l o c k  w i t h  a  

maximum o f  32 words p e r  t r a n s a c t i o n ,  Each word i s  

p receded  by an i n v e r t e d  sync p a t t e r n  and t h e  end of  

t h e  b l o c k  i s  i n d i c a t e d  by  a  n o n i n v e r t e d  sync (EOT). 

CiAU Address 

Opratlm Codc: 
Ser. PCM Can- 

The RAU w i l l  check t h e  r e c e i v e d  d a t a  words by check-  

i n g  t h e  sync, t h e  Manches te r  code p a t t e r n ,  and t h e  

p a r i t y  w h i l e  t r a n s m i t t i n g  them t o  t h e  e x p e r i m e n t s .  I n  

t h e  case o f  an e r r o r ,  t h e  RAU w i l l  s h u t  down i t s  

o u t p u t  i m m e d i a t e l y .  O the rw i se  i t  w i  11 send back an  

acknowledgment sync t o  t h e  110 u n i t  a f t e r  r e c e i v i n g  

t h e  EOT sync ( t i m e  d e l a y <  5 p s ) .  

6. On/Of f  Command. 

The t r a n s f e r  w i l l  s t a r t  w i t h  a  sync s i g n a l  f o l l o w e d  

by t h e  i n v e r t e d  sync and t h e  i n v e r t e d  i n s t r u c t i o n  word. 

The i n s t r u c t i o n  word c o n t a i n s  t h e  RAU address ,  o p e r a t i o n  



code,  one b i t  i n d i c a t i n g  the  l e v e l  t o  which t h e  

On/Off o u t p u t  of t h e  R A U  has t o  be s e t ,  and t h e  b i -  

nary coded channel a d d r e s s .  

2 . 3 . 2 . 4 . 2  Data T r a n s f e r .  

A .  S e r i a l  PCM Data Inpu t s .  

The t r a n s f e r  of s e r i a l  PCM da ta  from an experiment 

v ia  R A U  t o  t h e  110 u n i t  w i l l  be i n i t i a t e d  by a  

so f tware  genera ted  i n s t r u c t i o n  word on t h e  command 

l i n e .  Af te r  r e c e i v i n g  t h i s  word, t h e  R A U  w i l l  check 

t h e  s t a t u s  of the  r e q u e s t  l i n e  of t h e  addressed s e r i a l  

PCM da ta  channel .  I f  t h e  s t a t u s  of t h e  r e q u e s t  l i n e  

i s  d e t e c t e d  a s  z e r o ,  t h e  R A U  w i l l  send back a  sync 

s i g n a l  t o  the  110 u n i t  w i t h i n  a  maximum time de lay  

of 1 0 p s . I n  t h i s  c a s e ,  the  computer system w i l l  s t o p  

t h e  d ia logue  f o r  t h i s  channel o r  r e p e a t  the  t r a n s f e r  o f  

i n s t r u c t i o n  words a s  determined by so f tware .  I f  t h e  

s t a t u s  of t h e  r e q u e s t  l i n e  i s  d e t e c t e d  a s  oneo t h e  

R A U  w i l l  s t a r t  t o  d e l i v e r  c lock  pu l ses  t o  the  exper id  

ment wi th in  a  t i m e c 2 . 5  , u s .  These c lock pu l ses  a r e  

grouped i n  blocks of 17 pu l ses  and separa ted  by a  

3 - p s  time gap. Each block w i l l  t a k e  17 ,A s  and will 

be used t o  read o u t  one 1 7 - b i t  word from t h e  experiment 

b u f f e r .  (The 17th b i t  always has t o  be t h e  experiment-  



genera ted  p a r i t y  b i t .  ) The RAU w i l l  con t inue  t o  d e l i v e r  

t h e s e  c lock p u l s e s  a s  long a s  t h e  s t a t u s  of the  r e q u e s t  

l i n e  i s  one,  the  number of words t r a n s m i t t e d  from t h e  

experiment t o  t h e  R A U  i s  not g r e a t e r  than 3 2 ,  and no 

p a r i t y  e r r o r  i s  d e t e c t e d  i n  t h e  u s e r ' s  d a t a  words. 

The da ta  words r ece ived  by t h e  RAU w i l l  be processed and 

t r a n s m i t t e d  t o  t h e  110 u n i t  i n  r e a l  t ime.  Process ing 

Inc ludes  a  check of each p a r i t y  b i t ,  conversion from N R Z - L  

t o  Manchester I 1  ( B i p h a s e - l e v e l )  code,  and t h e  g e n e r a t i o n  

of sync s i g n a l s  a t  t h e  beginning of each da ta  word and 

a t  t h e  end of t h e  da ta  t r a n s f e r .  

There e x i s t s  ano the r  p o s s . i b i l i t y  t o  scan t h e  s t a t u s  of 

t h e  RAU r e q u e s t  l i n e s  f o r  s e r i a l  PCM d a t a  i n p u t s .  The 

r e q u e s t  l i n e  scan may be of advantage f o r  experiments 

using s e v e r a l  RAU i n p u t  channels  f o r  s e r i a l  PCM da ta  

with randomly d i s t r i b u t e d  a c q u i s i t i o n s  t imes .  The d ia logue  

between 1/0 u n i t  and RAU f o r  scanning t h e  r e q u e s t  l i n e  

s t a t u s  of f o u r  channels  of one RAU w i l l  t a k e  a  maximum of 

53 p s ,  whi le  t h e  d a t a  a c q u i s i t i o n  mode desc r ibed  above 

w i l l  need a t  l e a s t  132 p s  t o  check f o u r  channels  w i t h  

r e q u e s t  l i n e s  having zero  s t a t u s .  

The d ia logue  w i l l  s t a r t  with a  sync s i g n a l  and an i n s t r u c t i o n  



word  t r a n s m i t t e d  b y  t h e  110 u n i t  o n  t h e  command l i n e .  

A f t e r  a maximum d e l a y  o f  l o p s ,  t h e  RAU w i l l  answer 

w i t h  a d a t a  word p r e c e d e d  by an i n v e r t e d  sync  s i g n a l  

and  f o l l o w e d  by a sync  s i g n a l .  Four  b i t s  o f  t h i s  d a t a  

word (one f o r  each  c h a n n e l )  w i l l  c o n t a i n  t h e  s t a t u s  

o f  t h e  r e q u e s t  l i n e .  

B.  F l e x i b l e  I n p u t s .  

The a c q u i s i t i o n  o f  a n a l o g  s i g n a l s  ( a n a l o g  mode) as 

we1 1  as p a r a l l e l  d i g i t a l  d a t a  ( d i s c r e t e  mode) i s  

p e r f o r m e d  v i a  t h e  f l e x i b l e  i n p u t s .  

1. A n a l o g  Da ta .  

The i n s t r u c t i o n  word i n c l u d e s  RAU a d d r e s s ,  R A U  

c h a n n e l ,  o r  b l o c k  a d d r e s s ,  and o p e r a t i o n  code.  

I n c l u d e d  i n  t h e  o p e r a t i o n  code i s  t h e  i n f o r m a -  

t i o n  t o  a c q u i r e  a n a l o g  d a t a  and t h e  s a m p l i n g  

mode. Two modes a r e  p o s s i b l e :  

a .  A n a l o g  S i n g l e  Mode. 

T h i s  mode a l l o w s  t h e  s a m p l i n g  o f  two a d j a -  

c e n t  c h a n n e l s .  The b i n a r y  RAU c h a n n e l  a d d r e s s  

i n  t h e  i n s t r u c t i o n  word has t o  be even and may 

be i n  t h e  r a n g e  f r o m  0 t o  126. The d i g i t i z e d  

a n a l o g  s i g n a l  o f  t h e  a d d r e s s e d  c h a n n e l  and 

t h e  n e x t  f o l l o w i n g  one w i l l  be t r a n s m i t t e d  t o  

t h e  1 / 0  u n i t .  



b .  Analog Scanning Mode. 

This  mode samples blocks of 1 6  i n p u t  

channe l s .  The number of blocks acqu i red  

per  so f tware  r e q u e s t  i s  determined by the  

user  and may vary from 1 t o  8 .  This  inform- 

a t i o n  i s  conta ined i n  t h e  i n s t r u c t i o n  word 

i n  an N of 8 code. 

Each block a d d r e s s  i s  d i r e c t l y  c o r r e l a t e d  t o  

16  f l e x i b l e  hardware i n p u t s .  The c o r r e l a t i o n  

between hardware i n p u t s  and so f tware  channel 

and block a d d r e s s e s  cannot  be changed by t h e  u s e r .  

A f t e r  r e c e i v i n g  the  i n s t r u c t i o n  word, t h e  R A U  

i n i t i a l  i z e s  t h e  8 - b i t  a n a l o g / d i g i  t a l  convers ion .  

The d i g i t i z e d  s i g n a l s  of two i n p u t  channels  form 

a 16-bi t word, The R A U  adds a  p a r i t y  b i t ,  encodes 

t h e  word, and s t a r t s  t h e  t r a n s f e r  t o  t h e  I10 

u n i t  l e s s  than 2 0 , ~ s  a f t e r  r e c e i v i n g  t h e  i n s t r u c t i o n  

word. As the  a n a l o g l d i g i  t a l  convers ion  c i r c u i t r y  

c o n s i s t s  of two sample and hold u n i t s  and a  f a s t  

A D C ,  t h e r e  w i l l  be no time de lay  i n  a d d i t i o n  t o  t h e  

transmi s s i  on t ime determined by t h e  RAU-1/0 u n i  t 

d ia logue .  

2 .  D i s c r e t e  Data. 



T h i s  d i a l o g u e  s t a r t s  w i t h  a  s o f t w a r e -  

g e n e r a t e d  i n s t r u c t i o n  word w h i c h  i s  s e n t  on  t h e  

command l i n e  t o  t h e  RAU. 

The s m a l l e s t  u n i t  

w h i c h  may be sampled i s  a  b l o c k  o f  16 d i s c r e t e  i n -  

p u t s  t r a n s f e r r e d  as 16 b i t s  p l u s  a  p a r i t y  b i t  

p e r  word v i a  t h e  d a t a  l i n e  t o  t h e  110 u n i t .  The 

number o f  b l o c k s  t r a n s m i t t e d  p e r  s o f t w a r e  r e q u e s t  

may r a n g e  f r o m  1 t o  8. The c o r r e l a t i o n  between 

s o f t w a r e  b l o c k  a d d r e s s  and p i n  a l l o c a t i o n  o f  t h e  

R A U  and 110 u n i t  i s  c o m p l e t e d  by an RAU-generated 

sync  on t h e  d a t a  l i n e .  

RAU T e s t  Modes. 

The R A U  i s  d e s i g n e d  t o  c h e c k  t h e  p e r f o r m a n c e  o f  t h e  r e -  

c e i v e d  d a t a .  ' T h i s  a p p l i e s  t o  t h e  i n s t r u c t i o n  and d a t a  

words f r o m  t h e  110 u n i t  and t h e  s e r i a l  d a t a  words f r o m  t h e  

e x p e r i m e n t .  I n  a d d i t i o n ,  t h e  110 u n i t  w i l l  check  t h e  

d a t a  words f r o m  t h e  R A U .  

Data  and i n s t r u c t i o n  words f r o m  t h e  110 u n i t  and R A U  d a t a  

words s e n t  t o  t h e  110 u n i t  have t o  f u l f i l l  t h e  f o l l o w i n g  

c r i t e r i a  : 

o  Word t r a n s m i s s i o n  a t  1 Mb/s b i t  r a t e  



o Manches te r  I 1  c o d i n g  p r o p e r t i e s  

o  Each word must  c o n s i s t  o f  a  sync ( o r  s y n c )  + 

16  d a t a  b i t s  + p a r i t y  b i t  

o  V a l i d  o p e r a t i o n  code ( a p p l i c a b l e  t o  i n s t r u c t i o n  words 

o  Odd p a r i t y  o f  each word. 

I f  a word does n o t  f u l f i l l  one o f  t h e s e  c r i t e r i a ,  t h e  word 

i s  c o n s i d e r e d  i n v a l i d  and w i l l  n o t  be a c c e p t e d  by t h e  r e -  

c e i v i n g  u n i t .  I n  p a r t i c u l a r ,  t h e  RAU w i l l  s t o p  i t s  work 

and t h e  e r r o r  w i l l  be i n d i c a t e d  i n  t h e  RAU i n t e r n a l  

s t a t u s  word by b i t  No. 12 ,  wh i ch  i s  s e t  t o  l o g i c a l  l e v e l  

one. I n  a d d i t i o n ,  t h e  RAU w i l l  n o t  send back t o  t h e  1 / 0  

u n i t  an  acknowledge sync s i g n a l  o r  an  end o f  t r a n s m i s s i o n  

s i g n a l .  

A f t e r  t h e  e r r o r  has been d e t e c t e d ,  t h e  110 u n i t  ( o r  more 

p r e c i s e l y  t h e  RAU-coupler o f  t h e  110 u n i t )  r e p e a t s  e i t h e r  

t h e  who le  sequence, i f  t h e  f a i l u r e  i s  r e l a t e d  t o  OnIOf f  

commands o r  a c q u i s i t i o n  o f  d a t a  v i a  f l e x i b l e  i n p u t s ,  o r  

t h e  i n s t r u c t i o n  words o n l y ,  i f  t h e  f a i l u r e  i s  r e l a t e d  t o  

s e r i a l  PCM commands o r  s e r i a l  PCM d a t a  a c q u i s i t i o n .  

I f  t h e  r e p e t i t i o n  has no success,  t h e  RAU-coupler  o f  t h e  

1 / 0  u n i t  w i l l  i n i t i a t e  a  s e l f  t e s t .  The R A U  i n t e r n a l  



s t a t u s  word w i l l  be acqu i red  by t h e  110 u n i t .  The r e s u l t s  

w i l l  be analyzed t o  dec ide  whether t o  swi tch  over t o  the  

redundant  p a r t  of the  experiment CDMS da ta  bus ( i n c l u d i n g  

the  redundant  bus i n t e r f a c e  u n i t s )  o r  t o  swi tch  o f f  t h e  R A U .  

Experiment da ta  words a t  t h e  R A U  i n p u t  w i l l  be checked only 

with r e s p e c t  t o  t h e  exper iment-genera ted  odd p a r i t y  b i t .  

I f  a  p a r i t y  e r r o r  i s  d e t e c t e d ,  the  R A U  w i l l  s t o p  sending 

b i t  s h i f t  pu l ses  t o  t h e  experiment.  In a d d i t i o n ,  no end 

of t r ansmiss ion  (EOT) sync w i l l  be s e n t  back t o  t h e  I/O 

u n i t ,  and b i t  No. 11 of the  R A U  i n t e r n a l  s t a t u s  word i s  

s e t  t o  l e v e l  one. In c o n t r a s t  t o  t h e  t r a f f i c  on t h e  d a t a  

bus,  t h e r e  i s  no automat ic  s e l f  t e s t  r e l a t e d  t o  p a r i t y  

e r r o r s  i n  t h e  exper imenters  d a t a ;  t h e r e f o r e ,  the  use r  

should a c q u i r e  t h i s  s t a t u s  word p e r i o d i c a l l y  by h i s  own 

r e q u e s t .  

A  more d e t a i l e d  t e s t ,  i nc lud ing  a  check of t h e  R A U  analog 

t o  d i g i t a l  conver te r  w i l l  be performed only  on a  u s e r ' s  

r e q u e s t .  

R A U  i n t e r n a l  s t a t u s  word a c q u i s i t i o n  i s  a s  f o l l o w s .  The 

d ia logue  s t a r t s  with an i n s t r u c t i o n  word on the  command 

l i n e .  Within l e s s  than Z O p s ,  t h e  R A U  w i l l  r e t u r n  a  da ta  

word c o n t a i n i n g  t h e  fo l lowing :  



A .  B i t s  0-4 .  

T h i s  i s  t h e  RAU a d d r e s s .  

B. B i t  5, P r i m a r y  Power Breakdown. 

The p r i m a r y  power v o l t a g e  w i l l  be checked  f o r  u n d e r -  

v o l t a g e  be low 24 V d u r i n g  a  p e r i o d  l o n g e r  t h a n  5 0 0 p s .  

The b i t  5 w i l l  be  s e t  t o  one when t h e  p r i m a r y  power r e -  

c o v e r s  t h e  norma l  r a n g e .  T h i s  b i t  w i l l  be r e s e t  t o  

z e r o  by t h e  a c q u i s i t i o n  o f  t h e  i n t e r n a l  s t a t u s  word,  

and w i l l  keep t h i s  s t a t e  i f  no v o l t a g e  d r o p  o c c u r s .  

I f  no f a i l u r e  o c c u r s ,  b i t  5 w i l l  show one l e v e l  f o r  t h e  

f i r s t  i n t e r n a l  s t a t u s  a c q u i s i t i o n ,  and  a l w a y s  z e r o  

f o r  t h e  f o l l o w i n g  a c q u i s i t i o n s .  

C.  B i t  6, UTC S t a t u s ,  

T h i s  b i t  w i l l  be  s e t  t o  one i n  t h e  case  o f  c o m p l e t e  

o r  momentary absence o f  UTC s i g n a l  coming f r o m  t h e  

1 / 0  u n i t .  T h i s  b i t  w i l l  be r e s e t  t o  z e r o  a f t e r  

i n t e r n a l  s t a t u s  word a c q u i s i t i o n .  

D.  B i t  7,  E x p e r i m e n t  Module  On/Of f  S t a t u s .  

T h i s  b i t  i s  s e t  t o  one i f  t h e  RAU e x p e r i m e n t  modu le  i s  

powered. 

E .  B i t  8, I n t e r f a c e  Module  C o r r e c t i o n  S t a t u s .  

T h i s  b i t  i s  s e t  t o  one i f  t h e  RAU i n t e r f a c e  modu le  i s  

p h y s i c a l l y  c o n n e c t e d  and powered.  



F.  B i t  9, O n / O f f  Command S t a t u s  O f  T h e  C o r e  M o d u J ~  

T h i s  b i t ,  s e t  t o  o n e ,  w i l l  i n d i c a t e  t h a t  t h e  0 n I O f - f  

command b o a r d s  i n  t h e  c o r e  m o d u l e  a r e  e n e r g i z e d .  

G .  B i t  l o .  

T h f s  b i t ,  s e t  t o  o n e ,  w i l l  i n d i c a t e  t h a t  t h e  O n / O f f  

, command b o a r d s  o f  t h e  i n t e r f a c e  m o d u l e  a r e  e n e r g i z e d .  

H .  B i t  11, S e r i a l  P C M  I n p u t  C h a n n e l  S t a t u s .  

T h i s  b i t  i s  s e t  t o  o n e  i f ,  o n  a n y  o f  t h e  f o u r  s e r i a l  

i n p u t  c h a n n e l s  o f  t h e  RAU, t h e  s e r i a l  PCM c l o c k  i s  

n o t  w o r k i n g  p r o p e r l y ,  t h e  u s e r  w o r d s  show w r o n g  

p a r i t y ,  o r  t h e  n o m i n a l  t i m e  f o r  t r a n s f e r r i n g  3 2  u s e r  

d a t a  w o r d s  h a s  e l a p s e d  ( t i m e o u t ) .  T h i s  b i t  i s  

r e s e t  t o  z e r o  a f t e r  e a c h  a c q u i s i t i o n  o f  t h e  s t a t u s  

w o r d .  

I. B i t  1 2 ,  1 1 0  U n i t  - RAU D a t a  L i n k  S t a t u s .  

T h i s  b i t  i s  s e t  t o  o n e  i f  t h e  RAU d e t e c t s  a n  e r r o r  

i n  t h e  s e r i a l  d a t a  i n c o m i n g  f r o m  t h e  1 / 0  u n i t .  A f t e r  

e a c h  a c q u i s i t i o n  o f  t h e  s t a t u s  w o r d ,  t h e  b i t  i s  r e s e t  

t o  z e r o .  

B i t s  1 3 - 1 5 .  J .  ---- 



2 . 3 . 3  SPACELAB TIME DISTRIBUTlON SYSTEM 

T h i s  n e x t  s e c t i o n  a d d r e s s e s  t h e  d i s t r i u b t i o n  o f  t i m e  

t h r o u g h  o u t  t h e  S p a c e l a b .  F i g u r e  2 -7  i s  a  b l o c k  d i a g r a m  

o f  t h e  S p a c e l a b  T ime D i s t r i b u t i o n  Sys tem.  The O r b i t e r  

MTU i s  t h e  s o u r c e  o f  a l l  t i m e  s i g n a l s  d i s t r i b u t e d  t o  S p a c e l a b .  

The Remote A m p l i f i e r  and  A d v i s o r y  Box (RAAB) i s  t h e  i n t e r -  

f a c e  be tween  t h e  O r b i t e r  MTU and t h e  S p a c e l a b  e l e m e n t s .  The 

MTU GMT a n d  1024 KHz c l o c k  s i g n a l s  a r e  r o u t e d  t h r o u g h  a  RAAB 

t o  t h e  e x p e r i m e n t  I j O  t i m e  c o u p l e r .  The 1024 KHz c l o c k  

s i g n a l  i s  c a l l e d  t h e  U s e r s  T ime C l o c k  w h i c h  s h o u l d  n o t  be  ' 

c o n f u s e d  w i t h  t h e  UTC ( U n i v e r s a l  C o o r d i n a t e d  T i m e ) .  The t i m e  

c o u p l e r  g e n e r a t e s  t h e  U s e r s  T ime C l o c k  u p d a t e ,  w h i c h  i s  a  

250 m i l l i s e c o n d  s i g n a l  d e r i v e d  f r o m  t h e  1024  KHz c l o c k  s i g n a l ,  

f o r m i n g  a  c o m p o s i t e  c l o c k  s i g n a l .  The MTU GMT i s  r o u t e d  t o  

e x p e r i m e n t  RAU's (Remote Access  U n i t s )  v i a  t h e  e x p e r i m e n t  

d a t a  bus .  The c o m p o s i t e  c l o c k  s i g n a l  i s  r o u t e d  t o  e x p e r i m e n t  

RAU's v i a  t h e  e x p e r i m e n t  d a t a  bus .  The RAU d e m o d u l a t e s  t h e  

c o m p o s i t e  c l o c k  s i g n a l  and  r o u t e s  t h e  U s e r s  T ime C l o c k  ( 1 0 2 4  K H z ) ,  

U s e r s  T ime C l o c k  r e s e t  ( 4  PPS) a n d  GMT t o  t h e  e x p e r i m e n t s .  The 

e x p e r i m e n t s  g e t  a  GMT u p d a t e  message w h i c h  i s  t h e  c a l c u l a t e d  v a l u e  

o f  GMT a t  t h e  n e x t  U s e r s  T ime C l o c k  r e s e t  s i g n a l  ( e v e r y  250 

m i l l i s e c o n d s ) .  The 1024 KHz and  GMT p a t h s ,  a s  w e l l  a s  t h e  

t i m e  c o u p l e r ,  a r e  n o t  r e d u n d a n t  o n  t h e  s p a c e l a b  s i d e .  The 

e x a c t  i m p a c t  o n  t h e  e x p e r i m e n t s  due  t o  a  l o s s  o f  GMT a n d / o r  1024  K H z  





c l o c k  s i g n a l  a r e  n o t  known a t  t h i s  t i m e ;  however ,  t h e  

e x p e r i m e n t  computer  g e n e r a t e s  an i n t e r n a l  t imeword which 

i s  made a v a i l a b l e  t o  t h e  e x p e r i m e n t s  upon l o s s  of G M T .  

The G M T  from t h e  R A A B  i s  a l s o  r o u t e d  t o  t h e  subsys t em 1 / 0  

and H R M  (High Rate  M u l t i p l e x e r ) ;  however ,  t h e y  do n q t  

r e c e i v e  t h e  1024 KH,z c l o c k  s i g n a l .  Some e x p e r i m e n t s ,  

which do n o t  downlink d a t a  i n  t h e  Orbiter Interface,  will have 

neither the MTU GMT nor the 1024 KHz clock signal.  Since the 

e x p e r i m e n t s  w i l l  downlink d a t a  v i a  t h e  H R M y  t h e r e  w i l l  

be a  t ime  e r r o r  between t h e  e x p e r i m e n t  and H R M  G M T  a s s o -  

c i a t e d  w i t h  a  f rame of  d a t a .  The magni tude  o f  t h i s  e r r o r  

i s  n o t  known a t  t h e  p r e s e n t  t i m e .  

2 . 3 . 4  SPACELAB TIMING A C C U R A C Y  

The l ong  term d r i f t  o f  t h e  MTU w i l l  be 1 X 10-'/day 

g i v i n g  an a c c u r a c y  b e t t e r  t h a n  3 ms o v e r  a  7 day m i s s i o n .  

The d e v i a t i o n  of  t h e  onboard  t i m e  from ground  t i m e  w i l l  be 

c o n t r o l l e d  and l ogged  on ground w i t h  an  a c c u r a c y  of  b e t t e r  

t h a n  1  ms. I f  t h e  d e v i a t i o n  i s  more t h a n  5 1 0  ms, t h e  

O r b i t e r  MTU w i l l  be r e a d j u s t e d  e x t e r n a l l y ,  From t h e  

O r b i t e r  MTU,  two d i f f e r e n t  t ime  s i g n a l s  a r e  d e l i v e r e d  t o  

s p a c e l a b  and a r e  a v a i l a b l e  f o r  e x p e r i m e n t  t i m e  t a g g i n g :  

A .  The GMT s e r v i n g  a s  " m a c r o s c o p i c " t i m e  i n f o r m a t i o n .  T h i s  has 

a  r e s o l u t i o n  o f  10 ms. I t  can  be d i s t r i b u t e d  t o  e x p e r i -  



ments v i a  t h e  R A U  s e r i a l  PCM command c h a n n e l s .  The 

GMT i s  a l s o  i n s e r t e d  i n t o  t h e  H R M  d a t a  f r ames ,  t h u s  

p rov id ing  a u t o m a t i c a l l y  a  macroscopic  t ime t agg ing  of 

expe r imen t  d a t a  a c q u i r e d  by t h e  H R M .  

B .  The 1024 KHz User Time Clock serving as "microscopic" 

time information. The User Time Clock has a time resolu- 

t i o n  of  ips. I t  i s  d i s t r i b u t e d  hardwired  t o  t h e  e x p e r i -  

ments v i a  t h e  R A U  UTC c h a n n e l s .  

A d i r e c t  i n t e r f a c e  t o  t h e  O r b i t e r  MTU,  o t h e r  t han  th rough  

t h e  Command and Data Management System, i s  a l s o  a v a i l a b l e  

t o  t h e  e x p e r i m e n t s .  The t ime  d e l i v e r e d  i s  t h e  Miss ion 

Elapsed Time. This  t ime  i n f o r m a t i o n  i s  d e l i v e r e d  i n  a 

mod i f i ed  IRIG-B f o r m a t ,  i . e . ,  a  p u l s e  width modulated 

p u l s e  t r a i n  (100 p u l s e s  pe r  s econd )  c o n t q i n s  t h e  b i n a r y  

coded decimal i n f o r m a t i o n  i n  s econds ,  m i n u t e s ,  h o u r s ,  and 

days .  The IRIG-B fo rma t  i s  modi f ied  s o  t h a t  t h e  " s t r a i g h t  

b ina ry  seconds"  which begin a t  Index Count 8 0 ,  w i l l  no t  

be g e n e r a t e d .  The IRIG f o r m a t  w i l l  be modulated w i t h  a  

100 p u l s e  per  second o u t p u t  r a t e  and w i l l  have a  r e s o l u -  

t i o n  of 10 ms. 

2 . 3 . 5  TIME T A G G I N G  M E T H O D  

As p r e v i o u s l y  ment ioned ,  t h e  s p a c e l a b  t ime  d i s t r i b u t i o n  

sys tem i s  de s igned  t o  p rov ide  an accu racy  of b e t t e r  t han  



l o p s  r e l a t i v e  t o  t he  MTU. This i s  accomplished by t he  

fol lowing method. The MTU 1024 K H z  s i g n a l s  a r e  routed 

through t h e  R A A B  t o  the  time coupler  i n  the  experiment 

I / O  u n i t .  The time coupler  genera tes  the  User Time Clock update 

which i s  a  250 ms s igna l  der ived fram the  1024 K H z  c lock .  

This i s  done by: 

o Incrementing an 18 b i t  counter  which i s  r e s e t  every 

250 X 1024 pu l s e s .  

o Forming a  composite clock by modulating the  1024  KHz 

clock every 250~11s , 8 pu lses  before  the  counter  i s  

r e s e t .  

A t  t he  R A U  l e v e l ,  the  composite c lock s i gna l  i s  demodulated 

in order t o  provide the two signals User Time Clock (1024 KHz) and UTC 

update ( f ou r  pulses  long,  sync every 250 ms) .  The end o f  

t h e  U T C  ,update  sync p a t t e r n  i s  c o r r e l a t e d  t o  t he  18 b i t  

counter  r e s e t .  

The time coupler  a l s o  performs the  c o r r e l a t i o n  between t he  

U T C  update and the  GMT. Every 250 ms, synchrongusly with 

the  G M T ,  t he  16 most s i g n i f i c a n t  b i t s  (MSB's) a r e  loaded 

i n t o  the  c o r r e l a t i o n  r e g i s t e r .  This 16 b i t  word Q r ep r e -  

s e n t s  the  c o r r e l a t i o n  between GMT and UTC update with an 

unce r t a in ty  of 4 p s  because t he  l a s t  two b i t s  of the  i 8  

b i t  counter  have been dropped. B o t h  t h e  decoded GMT and 

0 a r e  t r a n s f e r r e d  p e r i o d i c a l l y  v ia  the  time coupler  bu f f e r  



i n t o  t h e  exper iment  computer .  Appendix C e x p l a i n s  t h e  

f u n c t i o n s  o f  t h e  Time Coupler  and computa t ion  of 0 .  

8 i s  used t o  t i m e - t a g  exper iment  d a t a  i n  t h e  expe r imen t  

computer  w i th  an accu racy  of  10 s .  For t h i s  t ime  t a g g i n g  

method, i t  i s  assumed t h a t  t h e  exper iment  c o n t a i n s  a  t i m e  

c q u n t e r  ( c o u n t i n g  t h e  1024 KHz User Time Clock P u l s e s )  which 

i s  r e s e t  by t h e  User Time Clock upda t e  s i g n a l s  eve ry  250111s. 

For each exper iment  e v e n t ,  t h e  e v e n t  d a t a  has  t o  be a c q u i r e d  

t o g e t h e r  w i th  t h e  r e l a t e d  c o n t e n t s  of  t h e  expe r imen t  t ime  

c o u n t e r .  The expe r imen t  computer t h e n ,  by means of  0 ,  c a l -  

c u l a t e s  back t h e  exper iment  t ime  c o u n t e r  c o n t e n t s  t o  t h e  on- 

board t ime .  However, i n  o r d e r  t o  r e l a t e  t h e  e v e n t  ambiguously  

t o  t h e  onboard t i m e ,  t h e  d a t a  a c q u i s i t i o n  and computa t ion  has 

t o  be performed l e s s  t han  250ms a f t e r  t h e  e v e n t .  

0 a l s o  a l l o w s  ( t o g e t h e r  w i th  t h e  User Time Clock,  User Time 

Clock,  and GMT) t ime  t a g g i n g  t o  be performed autonomously 

i n  t h e  expe r imen t .  In t h i s  c a s e  8 compensat ing GMT s i g n a l  

j i t t e r ,  can be s e n t  t o  t h e  exper iment  v i a  a  s e r i a l  PCM command 

channel  f o r  t h e  c o r r e l a t i o n  between User Time Clock and G M T .  



2.3.6. EXPLICITLY TIME T A G G E D  D A T A  

G P C  d o w n l i s t  p a r a m e t e r s  which a r e  s h i p p e d  a s  a  t i m e  

homogenous s e t  w i t h  an a s s o c i a t e d  t i m e  t a g  a r e  c a l l e d  

e x p l i c i t l y  t i m e  t agged  p a r a m e t e r s .  Very few d o w n l i s t  

p a r a m e t e r s  a r e  b lock  p r o t e c t e d  and e x p l i c i t l y  t i m e  

t a g g e d .  Those t h a t  a r e  t i m e  t agged  i n c l u d e  O r b i t e r  

p o s i t i o n ,  v e l o c i t y ,  t i m e  and IMU s e n s e d  v e l o c i t y  and 

t i m e .  The t i m e  a t  which most p a r a m e t e r s  were v a l i d  

must be i n f e r r e d  from t h e i r  p o s i t i o n  i n  t h e  downl ink .  

The t e rm  d o w n l i s t  r e f e r s  t o  t h o s e  G P C  p a r a m e t e r s  p l a c e d  

i n  t h e  t e l e m e t r y  s t r e a m .  T h e  downlink c o n s i s t s  of  a l l  

p a r a m e t e r s  i n  t h e  t e l e m e t r y , ,  i n c l u d i n g  t h e  d o w n l i s t  s e t .  

Pa r ame te r s  e x p l i c i t l y  t i m e  t agged  w i l l  be know t o  be 

v a l i d  a t  t h e  t i m e  t agged  a s  f o l l o w s :  

Random e r r o r s  : 

o  G r a n u l a r i t y  o f  G P C  s o f t w a r e  t i m e  word 1 p s e c  

o  G r a n u l a r i t y  o f  b a s e  G P C  hardware c l o c k  
r e g i s t e r  1 p  s e c  

o  G r a n u l a r i t y  o f  MTU 1 s e c  p e r i o d i c  upda t e  1 2 5  p s e c  

o  O the r  n o i s e  and j i t t e r  1 0  p s e c  

RSS 3a e r r o r  1 2 5 . 4 ~  s e c  



2 .3 .7 .  NON-EXPLICITLY TIME TAGGED DATA 

T ime a t  w h i c h  n o n - e x p l i c i t l y  t i m e  t a g g e d  d a t a  was v a l i d  

m u s t  b e  i n f e r r e d  f r o m  t h e  p o s i t i o n s  o f  t h e  d a t a  words  i n  

t h e  d o w n l i n k  a n d  a  k n o w l e d g e  o f  t h e  o n - b o a r d  s o f t w a r e  and  

t e l e m e t r y  p i c k - u p  mechan ism.  The w o r s t  c a s e  t i m e  t a g  

u n c e r t a i n t y  i s  p r o b a b l y  a b o u t  2 sec .  



3 . 0  DATA DOWNLINK FORMATS 

3 . 1  GENERALIZED CONCEPTS 

T h i s  s e c t i o n  d e s c r i b e s  t h e  t e l e m e t r y  d a t a  f o r m a t  c h a r a c t e r i s t i c s  
a n t d c i p a t e d  f o r  t h e  e a r l y  S p a c e l a b  f l i g h t s .  I n  t h e  HRMIHRDM d e s i g n ,  
t w o  f o r m a t  d e f i n i t i o n s  * r e  u s e d .  The e n g i n e e r i n g  f o r m a t  c o n s i s t s  o f  
16  f r a m e s  w i t h  192  w o r d s  e a c h .  Each f r a m e  c o n t a i n s  a  s y n c  w o r d  a n d  
a  s t a t u s  w o r d .  I n  t h e  s t a t u s  w o r d ,  t h e  GMT i n f o r m a t i o n  i s  t r a n s f e r r e d  
w i t h  e i g h t  b i t s  s u b c o m m u t a t e d  o v e r  16  f r a m e s .  The f r a m e  c o u n t  i s  
t r a n s f e r r e d  w i t h  f o u r  b i t s  i n  t h e  s y n c  w o r d .  

The u s e r  f o r m a t  c o n s i s t s  o f  e i g h t  f r a m e s  w i t h  96  w o r d s .  Each  f r a m e  
b e g i n s  w i t h  t h e  s y n c  o r  t h e  s t a t u s  w o r d  o f  t h e  e n g i n e e r i n g  f o r m a t .  
The n o r m a l  f r a m e  i s  composed o f  6 l i n e s  x  1 6  w o r d s  a n d  i s  u s e d  
f o r  a l l  f r e q u e n c i e s  e x c e p t  48 MHz, f o r  w h i c h  t h e  f o r m a t  i s  a r r a n g e d  
i n  8 l i n e s  x  1 2  w o r d s .  

The two  d e f i n i t i o n s  a r e  u s e d  t o  i d e n t i f y  t h e  c o n t e n t s  o f  t h e  HRM 
f o r m a t .  The e n g i n e e r i n g  f o r m a t  i s  t h e  d e f i n i t i o n  o f  t h e  o v e r a l l  
s t r u c t u r e ,  a n d  t h e  u s e r  f o r m a t  d e f i n e s  t h e  c o n t e n t s  o f  t h e  f o r m a t .  

F i g u r e  3 - 1  shows t h e  f o r m a t  s t r u c u t r e  f o r  a l l  b i n a r i l y  r e l a t e d  b i t  
r a t e s  f r o m  0 . 1 2 5  Mb/s t o  32 M b l s .  A t  48 Mb/s ,  t h e  w i d t h  o f  b o t h  t h e  
e n g i n e e r i n g  a n d  u s e r  f r a m e s  i s  r e d u c e d  t o 1 2  w o r d s  and  t h e  l e n g t h  i s  
i n c r e a s e d  t o  1 6  l i n e s  f o r  t h e  e n g i n e e r i n g  f o r m a t  a n d  8 l i n e s  f o r  t h e  
u s e r  f o r m a t  a n d  8 l i n e s  f o r  t h e  u s e r  f o r m a t .  The f o r m a t  i s  o u t p u t  
f r o m  l e f t  t o  r i g h t  a n d  t o p  t o  b o t t o m .  F i g u r e  3 - 2  shows t h e  e i g h t  
f r a m e  u s e r  f o r m a t  s t r u c u t r e  f o r  b o t h  t h e  16 c o l u m n  a n d  12  c o l u m n  
c a s e s .  

3 . 2  HRM FORMAT STRUCTURES 

The f o r m a t t i n g  o f  d a t a  w i t h i n  t h e  HRM s y s t e m  i s  p e r f o r m e d  a c c o r d i n g  
t o  a  s e t  o f  p a r a m e t e r s  s t o r e d  i n  o n e  o f  t w o  r andom a c c e s s  m e m o r i e s  
( i n s t r u c t i o n  t a b l e s ) .  One t a b l e  i s  t h e  o p e r a t i n g  t a b l e  a n d  t h e  o t h e r  
i s  f r e e  t o  a c c e p t  a  new s e t  o f  i n s t r u c t i o n s .  The  t a b l e s  a r e  e x c h a n g e d  
s y n c h r o n o u s  t o  t h e  f o r m a t  a f t e r  a n  e x e c u t i o n  command has  been  r e c e i v e d .  

A .  F o r m a t  P r o g r a m m i n g .  

The p r o g r a m m e r  has  t o  w o r k  o n l y  w i t h  t h e  u s e r  f o r m a t .  He has  
t h e  f l e x i b i l i t y  t o  a s s i g n  e a c h  u s e r ' s  s h a r e  o f  b a n d w i d t h  w i t h  
t h r e e  t y p e s  o f  p r i o r i t y :  



ENGINEERING FORMAT 

USERFORMAT 

Figure 3 -  1 Engineering and User Format 



FORMAT STRUCTURE 1 I S  USED FOR HRM OUTPUT B I T  RATES OF 32 MB/S AND ALL LOWER 
OUTPUT RATES BEING BINARY RATIOS OF 32 MB/S. 

FORMAT STRUCTURE 2 I S  USED FOR THE 48 MB/S OUTPUT RATE ONLY, SINCE I T  I S  NOT 
BINARY RATIO OF 32 MB/S. 

THE FRAMES ARE ORGANIZED I N  6 LINES AND 16 COLUMNS I N  FORMAT STRUCTURE 1 AND I N  
8 L INES AND 12 COLUMNS I N  FORMAT STRUCTURE 2.  THE LAST WORD I N  EACH L I N E  I S  
OCCUPIED BY THE F I L L  WORD IDENTIFICATION. EVEN FRAMES START WITH A SYNC PAT- 
TERN, ODD FRAMES WITH A STATUS PATTERN. 

FORMAT STRUCTURE 1 

12 Columns 

Figurc! 3 - 2  HRM Format Structure 



o In mode 3 ( h i g h e s t  p r i o r i t y )  the  number of use r  words i s  
s p e c i f i e d  a s  words per  l i n e  

o  In mode 2 ( lower  p r i o r i t y )  t h e  number of user  words i s  
s p e c i f i e d  a s  words per  frame and 

o In mode 1  ( lowes t  p r i o r i t y )  t h e  number of words i s  s p e c i f i e d  
a s  words per  format 

The fo rmat t ing  of user  d a t a  i s  accomplished with a  fo rmat t ing  t a b l e  
~raf 1 6  consecu t ive  i n s t r u c t i o n s .  Each i n s t r u c t i o n  word comprises 1 6  
b i t s  which s e r v e  t o  d e f i n e  two use r s  and t h e i r  s h a r e  (number of words 
a l l o t e d  t o  the  u s e r ) :  

B I T S  DEFINING 

0 , 1  PRIORITY OF INSTRUCTION 
2 - 6 FIRST USER 
7 ,8  f l U M B E R  OF WORDS O F  FIRST USER 
9 ,13 SECOND USER 

14,15 N U V B E R  O F  WORDS OF SECOND USER 

With a  s e t  of 16  such i n s t r u c t i o n s ,  t h e  programmer can a s s i g n  the  
bandwidth s h a r e s  of each u s e r .  In a d d i t i o n  t o  t h e  1 6  i n s t r u c t i o n  
words, the  f o r m a t t i n g  t a b l e  compri s e s  two c o n f i g u r a t i o n  s t a t u s  words 
(words 27 and 3 8 ) .  

C o n s t r a i n t s .  

The HRM-control l e r  o f f e r s  high f l e x i b i l i t y  t o  the  programmer, 
b u t  some c o n s t r a i n t s  a r e  s t i l l  p r e s e n t .  

1. The i n s t r u c t i o n  t a b l e  must be programmed i n  a  s e r i e s  of des -  
cending mode number; t h a t  i s  t o  say ,  f i r s t  e n t r i e s  i n  t h e  i n -  
s t r u c t i o n  t a b l e  s h a l l  be a s s igned  with Mode 3  i n s t r u c t i o n s  
fol lowed by Mode 2  and Mode 1 i n s t r u c t i o n s .  

2 .  An  odd number of i n s t r u c t i o n s  with t h e  same mode has t o  be 
inc reased  by a  SKIP i n s t r u c t i o n  t o  g ive  an even number. 

3. The number of e n t r i e s  i n  a t a b l e  i s  l i m i t e d  t o  32. 

4 .  Specia l  a t t e n t i o n  should be paid t o  t h e  l a s t  l i n e  (No. 18)  i n  
t h e  t a b l e  ( i n s t r u c t i o n s  31 and 3 2 ) .  I t , s h a l l  be a s s igned  with 
mode 1  (end of t a b l e )  o r  Mode 1 i n s t r u c t i o n  on ly .  A mode 1 
assignment t o  t h e  l a s t  l i n e  has t h e  fo l lowing e f f e c t s :  

a .  I f  only i n s t r u c t i o n  31 i s  used and i n s t r u c t i o n  32 i s  a  SKIP, 



t h e  c o n t r o l l e r  w i l l  e x e c u t e  i n s t r u c t i o n  3 1  u n t i l  t h e  
end o f  a  u s e r  f o r m a t .  

b .  I f  bo th  i n s t r u c t i o n s  a r e  u s e d ,  t h e  c o n t r o l a e r  w i l l  
e x e c u t e  bo th  i n s t r u c t i o n s  i n  an  a l t e r n a t i n g  s e r i e s .  

5. The H R M  a d d r e s s  f o r  I /O U n i t s  s h a l l  n o t  be 00000,  because  
t h i s  code  i s  i d e n t i c a l  t o  t h e  c l e a r  c o n d i t i o n  o f  t h e  i n p u t  
r e g i s t e r .  

C .  Fo rma t t i ng  Example. 

In  f i g u r e  3 - 3  an  example o f  a  p a r t i c u l a r  H R M  f o r m a t  i s  g i v e n .  
T a b l e  3-1 shows t h e  s e t  of  i n s t r u c t i o n s  d e f i n i n g  t h i s  f o r m a t .  
The nominal d a t a  r a t e s  a l l o c a t e d  t o  each i n p u t  channe l  a s  a  
r e s u l t  of  t h i s  f o r m a t  a r e  g i v e n  i n  t a b l e  3 - 2 .  

D .  BITE Format .  

The BITE f o r m a t  i s  t h e  o n l y  preprogrammed f o r m a t  i n  t h e  H R M .  

N O T E :  Words and l i n e s  a r e  numbered from 1  and b i t s  w i t h i n  a  
word a r e  numbered from 0 ( z e r o ) .  

E .  Exper iment  Bandwidth S e l e c t i o n .  

T a b l e  3 - 3  summarizes  t h e  e x p e r i m e n t  bandwid ths  made a v a i l a b l e  
by s e l e c t i n g  a p p r o p r i a t e  f o r m a t  p a r a m e t e r s .  



Figure 3 2 3  Example o f  HRM Format 



TABLE 3- 1 

EXAMPLE OF INSTRUCTION TABLE 

I 0 I skip 0 I Skip 0 1 

I 

Configuration Status 

TABLE 3 - 2  

EXAMPLE OF RATE SHARING 

(nW Voice fixed at 128 W/s) 



TABLE 3-3 

EXPERIMENT BANDWIDTHS 



3 . 3  H R D M  F O R M A T  S T R U C T U R E  

The H R D M  format genera to r  s t o r e s  u p  t o  16 user formats in 
16  programmable read-only memories (PROM's), plus two f o r -  
mats in read/wri  t e  (R/W)memories. The 16 formats in  the  
PROM's a r e  i n s t a l l e d  p r i o r  t o  a  mission according t o  the 
formats in  the  R/W memories can be user  programmed and 
s e l e c t e d  by t he  ground computer t e rmina l .  The H R D M  oper-  
a t i o n  i s  o r i en t ed  t o  the  16-frame engineer ing format with 
each frame conta ining 1 9 2  words. Figure 3-4  i l l u s t r a t e s  
the r e l a t i o n s h i p  of the  engineer ing format to  the 8-frame 
user format around which the  H R M  fo rmat t ing  i s  s t r u c t u r e d .  
The key po in t s  of the  ove ra l l  s t r u c t u r e  a r e  as fo l lows :  

A .  The H R M  f o rma t t e r  ope ra t e s  on an 8-frame, 96-word/frame 
b a s i s ;  t h e r e f o r e ,  the  bas ic  H R M  format i s  repeated fou r  
times wi thin  the  engineer ing format.  

B .  Although t he  H R M  f o rma t t e r  i s  o r i en t ed  t o  8-frames,  
t h e r e  i s  a  frame counter  in  the  H R M  which counts 
frames 0 -15  ( 4 - b i t  c o u n t e r ) .  This count i d e n t i f i e s  
the  engineer ing frame and i s  included as p a r t  of the  
p a t t e r n  f o r  synchronizing the  H R D M .  

C .  The frame count i s  a l s o  used t o  i d e n t i f y  the  data  
contained in the  G M T  por t ion  of the  s t a t u s  words. 
The G M T  i s  subcommutated ac ross  1 6  engineer ing 
frames,  8 - b i t s  a t  a  time. 

The bas ic  demul t i p l ex ing  scheme of the  H R D M  is t o  use the  
word counter  address  t o  i n t e r r o g a t e  a  t a b l e  which con ta ins  
768 words. These words spec i fy  a  device  number f o r  each 
one of t he  768 words i n  the  engineer ing format .  The device  
number i s  the  H R D M  nomenclature f o r  ou tpu t  channels.  These 
numbers correspond t o  H R M  experiment and recorder  i n p u t s .  



4 
LINES 
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NOTE: SINCE HRM CYCLE IS REPEATED 4 TIMES, THE HRDM FORMAT TABLES 
CONSIST OF 768 ENTRIES (8  HRM FRAMES X 96  WORDS) 

HRM CYCLE 
NO. 1 
8 FRAMES 
16 WDS/FRAME 

HRM CYCLE 
NO. 2 

HRM CYCLE 
NO. 3 

HRM CYCLE 
NO. 4 

Figure 3'4 HRDM FORMAT (16 FRAMES, 192 
WORDS/FRAME, 16 BITS/WORD) 



3 .4  GMT 

The GMT and f l i g h t  number d a t a  which i s  subcornmutated 
a c r o s s  t h e  16 f r a m e s  o f  t h e  e n g i n e e r i n g  f o r m a t  w i l l  be 
o u t p u t  i n  a  s e r i a l  b u r s t  o f  56 b i t s  o n c e  e a c h  e n g i n e e r i n g  
f o r m a t .  The f o r m a t  o f  t h e  H R D M  o u t p u t  w i l l  be a s  shown 
be1 ow. 

BIT No. 
o  F l i g h t  No. ( 0 - 9 9 ) :  0 - 7  

o  Year + Day ( x  1 0 0 )  ( 0 - 9 / 0 - 9 ) :  8 - 1 5  

o  Days ( 0 - 9 9 ) :  

o  Hours ( 0 - 2 3 ) :  

o  Minu tes  ( 0 - 5 6 ) :  

o  Seconds  ( 0 - 5 9 ) :  

o  Seconds ( +  1 0 0 )  ( 0 - 9 9 )  48 - 55 

The d a t a  i s  B C D  coded i n s i d e  t h e  p a t t e r n .  S y n c h r o n o u s l y  
w i t h  t h e  b e g i n n i n g  o f  e a c h  e n g i n e e r i n g  f o r m a t ,  t h e  GMT 
p a t t e r n  w i l l  be s e r i a l l y  o u t p u t  ( b i t  z e r o  f i r s t )  f rom t h e  
H R D M  i n  a  b u r s t  o f  56 b i t s .  The GMT o u t p u t  b i t  r a t e  s h a l l  
be e q u a l  t o  t h e  H R D M  i n p u t  b i t  r a t e  d i v i d e d  by 512.  The 
s e c o n d s  ( 4  1 0 0 )  s h a l l  be decommutated from t h e  f i r s t  f r a m e  
o f  a  f o r m a t .  

I f  S p a c e l a b  d a t a  i s  downl inked  jn a  p a c k e t  f o r m ,  i . e . ,  
a  b l o c k  o f  d a t a  coming from one  e x p e r i m e n t  o r  i n s t r u m e n t  
which has  been a c c u m u l a t e d  i n  a  b u f f e r  w i t h i n  t h e  e x p e r i m e n t  
s y s t e m  and h e l d  u n t i l  a p p r o p r i a t e  time f o r  t r a n s m i s s i o n ,  
t h e  S p a c e l a b  G M T  t i m e  t a g  d e n o t e s  t h e  t i m e  t h e  p a c k e t  
a s s e m b l y  was begun. To f a c i l i t a t e  t i m e  c o r r e l a t i o n  o f  t h e  
d a t a ,  t h e  a c q u i s i t i o n  o f  d a t a  s a m p l e s  f o r  t h e  p a c k e t  s h o u l d  
be a c c o m p l i s h e d  a c c o r d i n g  t o  a  r e g u l a r  s c h e d u l e  which w i l l  
g i v e  e a c h  d a t a  p o i n t  a  known r e l a t i o n s h i p  w i t h  t h e  t i m e  t a g ,  
o r  i n f o r m a t i o n  s h o u l d  be i n c l u d e d  i n  t h e  d a t a  f o r m a t  w i t h i n  
t h e  p a c k e t  t o  a l l o w  c o r r e l a t i o n  t o  t h e  t i m e  t a g .  



S e c t i o n  4  

A d d i t i o n a l  F i n d i n g s  

4 . 1  DATA STALENESS 

A  f o r m u l a t i o n  has  been d e v e l o p e d  f o r  d e t e r m i n i n g  t h e  d e l t a  t i m e  
t o  be  s u b t r a c t e d  f r o m  t h e  GPC d o w n l i s t  h e a d e r  t i m e  t o  c o r r e c t  
f o r  t h e  t i m e  i n t e r v a l  b e t w e e n  t h e  a c t u a l  r e a d  o f  an i n p u t  s i g n a l  
and  i t s  i n s e r t i o n  i n t o  t h e  d o w n l i s t  b u f f e r  (See r e f e r e n c e  2 f o r  
f u r t h e r  i n f o r m a t i o n ) .  T h i s  r e s i d u a l  s t a l ' e n e s s  c a n  be  as  h i g h  as 
1 6 0  m i l l i s e c o n d s  f o r  r a w  measuremen ts  t h a t  t h e  GPC a c q u i r e s  e i t h e r  
i n  t h e  H i g h  F r e q u e n c y  E x e c u t i v e  o r  t h e  M i d - F r e q u e n c y  E x e c u t i v e  r e a d .  

4 .2  EQUIPMENT REDUNDANCY 

S e v e r a l  k e y  e l e m e n t s  o f  t h e  S p a c e l a b  t i m i n g  d i s t r i b u t i o n  s y s t e m  
a r e  n o t  r e d u n d a n t  and  l o s s  o f  any. u n i t  w o u l d  r e s u l t  i n  a  s i g n i f i -  
c a n t  l o s s  o f  s c i e n c e  d a t a .  

o  HUM - L o s s  o f  a l l  s c i e n c e  d a t a .  

o  RAU - L o s s  o f  a b i l i t y  t o  i n t e r a c t  w i t h  e x p e r i m e n t s .  C o u l d  
r e s u l t  i n  s i g n i f i c a n t  l o s s  o f  s c i e n c e  d a t a  s i n c e  s e v e r a l  
e x p e r i m e n t s  i n t e r f a c e  w i t h  a  RAU. 

o  RAAB - Loss  o f  t i m i n g  s i g n a l  t o  CDMS c o m p u t e r s  a n d  HRM. However ,  
t h e  c o m p u t e r s  c a n  c o n t i n u e  t o  d i s t r i b u t e  t i m i n g  i n t e r n a l l y  
( a c c u r a c y  unknown) .  No A d d i t i o n a l  r e d u n d a n c y  i n  t h e  t i m i n g  
s y s t e m  i s  b e i n g  r e q u e s t e d  a t  t h i s  t i m e .  

4 . 3  NAVAGATION PARAMETERS 

S t a t e  v e c t o r . c o m p o n e n t s  a r e  t i m e  homogenous a n d  t h e  t i m e  t a g s  a r e  
a v a i l a b l e  t o  u s e r s  i n  t h e  t e l e m e t r y  d o w n l i s t  f o r m a t s .  

4 . 4  RAU DATA ACQUISITION A N D  CONTROL SOFTWARE 

S o f t w a r e  f o r  RAU d a t a  a c q u i s i t i o n  and  c o n t r o l  m u s t  be p r o v i d e d  by 
t h e  u s e r .  



4 .5  TIME T A G G E D  INFORMATION AVAILABLE TO P A Y L O A D  

P o s t i i o n ,  v e l o c i t y ,  and t i m e  a r e  s e n t  o v e r  a t  a  0 . 52  hz 

r a t e  i n  e a r t h  f i x e d  c o o r d i n a t e s .  The u se  o f  e a r t h  f i x e d  

c o o r d i n a t e s  i s  d e s i r a b l e  because  t h e  U T C  t i m e  t a g  i s  

s l i g h t l y  more v a l i d  f o r  e a r t h  f i x e d  v e c t o r s  t h a n  f o r  

i n e r t i a l  (Mean 1950)  p o s i t i o n  and v e l o c i t y  v e c t o r s  because  

o f  a p p r o x i m a t i o n s  i n  t h e  t r a n s f o r m a t i o n  f rom i n e r t i a l  t o  

e a r t h  f i x e d  c o o r d i n a t e s  v i a  UTCIUTl. A t t i t u d e  and t r i m  a r e  

s e n t  o v e r  a t  a  0 . 52  hz r a t e  a s  r o l l ,  p i t c h ,  and yaw a n g l e s  

i n  e a r t h  f i x e d  body c o o r d i n a t e s .  

The above d a t a ,  when r e c e i v e d  a t  t h e  Pay load  w i l l  be s t a l e  

be a b o u t  6 0 y s e c  n o m i n a l l y  (80-100/Usec  w o r s t  c a s e ) .  T h i s  

s t a l e n e s s  i s  due t o  General  Purpose  Computer S o f t w a r e  c y c l i n g  

and i n t e r n a l  b u f f e r i n g .  
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T I M E  S C A L E S  





B.l INTRODUCTION 

A  s y s t e m  o f  a s s i g n i n g  d a t e s  t o  e v e n t s  i s  c a l l e d  a  t i m e  s c a l e .  T h i s  

a p p e n d i x  w i l l  b r i e f l y  d i s c u s s  s e v e r a l  t i m e  s c a l e s ,  b e g i n n i n g  w i t h  

a p p a r e n t  S o l a r  T ime and  e n d i n g  w i t h  C o o r d i n a t e d  U n i v e r s a l  T ime.  T h i s  

a p p e n d i x  i s  n o t  m e a n t  t o  be a n  i n  dep th  d i s c u s s i o n  o f  t i m e  s c a l e s .  The 

i n t e n t  o f  t h i s  a p p e n d i x  i s  t o  g i v e  a  s i m p l i f i e d  d e f i n i t i o n  o f  C o o r d i -  

n a t e d  U n i v e r s a l  T ime ( U T C ) .  T h i s  c a n  be  done b e s t  b y  p r e s e n t i n g  a  

c h r o n o l i g i c a l  d e v e l o p m e n t  o f  t i m e  s c a l e s .  

B . 2  APPARENT SOLAR TIME 

T ime d e r i v e d  f r o m  t h e  a p p a r e n t  p o s i t i o n  o f  t h e  sun  i n  t h e  s k y  i s  

c a l l e d  " a p p a r e n t  s o l a r  t i m e " .  An a p p a r e n t  s o l a r  day  i s  d e p e n d e n t  upon  

t h e  m o t i o n  and  o r i e n t a t i o n  o f  t h e  e a r t h  and  t h e  p o s i t i o n  o f  t h e  sun .  

Measurements  made w i t h  a  s u n  d i a l ,  f o r  examp le ,  g i v e  a p p a r e n t  t i m e  

s i n c e  i t  i s  i n  t e r m s  o f  t h e  a c t u a l  r e l a t i v e  p o s i t i o n  o f  t h e  sun .  If 

t h e  e a r t h ' s  o r b i t  w e r e  a  p e r f e c t  c i r c l e  and  l a y  i n  t h e  p l a n e  o f  t h e  

e a r t h ' s  e q u a t o r  w i t h  u n i f o r m  r o t a t i o n ,  t h e  l e n g t h  o f  a n  a p p a r e n t  s o l a r  

day  w o u l d  be f a i r l y  c o n s t a n t  t h r o u g h o u t  t h e  y e a r .  The e a r t h "  o r b i t ,  

however ,  i s  e c l i p t i c a l  and  i s  i n c l i n e d  t o  t h e  e a r t h ' s  e q u a t o r  a t  an 

0 a n g l e  o f  a p p r o x i m a t e l y  2 3 . 5  . A l s o ,  t h e  o r b i t a l  speed  o f  a n  o b j e c t  

t r a v e l i n g  i n  an  e c l i p s e  i s  n o t  c o n s t a n t .  As a  r e s u l t  a p p a r e n t  days  

v a r y  i n  l e n g t h .  Mean S o l a r  T ime i s  s i m p l y  A p p a r e n t  S o l a r  T ime a v e r a g e d  

t o  e l i m i n a t e  o r b i t a l  v a r i a t i o n s .  The d i f f e r e n c e  b e t w e e n  A p p a r e n t  S o l a r  

T ime a n d  Mean S o l a r  T ime i s  c a l l e d  t h e  e q u a t i o n - o f - t i m e .  I t  has  a  

maximum v a l u e  e a r l y  i n  November when t h e  d i f f e r e n c e  i s  a b o u t  1 6  m i n u t e s ,  



B . 3  M E A N  SOLAR TIME 

As ment ioned  above ,  Mean S o l a r  Time i s  s imp ly  a p p a r e n t  t ime  a v e r a g e d  

tlo e l i m i n a t e  v a r i a t i o n s  due t o  t h e  e a r t h ' s  o r b i t a l  e c c e n t r i c i t y  and 

t h e  i n c l i n a t i o n  e a r t h ' s  a x i s  o f  r o t a t i o n  t o  i t ' s  o r b i t .  A Mean S o l a r  

Day i s  t h e  a v e r a g e  o f  a l l  t h e  a p p a r e n t  s o l a r  days  t h r o u g h o u t  t h e  y e a r  

and t h e  mean s o l a r  second  i s  equa l  t o  a  mean s o l a r  day d i v i d e d  by 

86 ,400 .  As a  fundamenta l  u n i t  o f  t i m e ,  t h e  mean s o l a r  second  i s  

i n a d e q u a t e  because  i t  i s  s t i l l  t i e d  t o  t h e  r o t a t i o n  o f  t h e  e a r t h  

which i s  now known t o  be non-un i form.  

A s o l a r  y e a r  i s  a  measure  o f  t h e  p e r i o d  o f  t h e  e a r t h ' s  r e v o l u t i o n  

a round  t h e  s u n .  A s o l a r  y e a r  i s  p r e s e n t l y  e q u a l ,  i n  Mean S o l a r  Time, 

t o  365 d a y s ,  5  h o u r s ,  48 m i n u t e s  and 45 .5  s econds  (365 .2422  Mean S o l a r  

Days) .  S i n c e  t h e  s o l a r  y e a r  by which we r e c o r d  t ime  i s  n o t  an i n t e g r a l  

mu1 t i  pl  e  o f  mean s o l a r  d a y s ,  c o r r e c t i o n s  must be made t o  o u r  c a l e n d a r  

a t  t i m e s  t o  make t h e  d a t a  c o r r e s p o n d  t o  t h e  p o s i t i o n  o f  t h e  s u n .  

B.4 UNIVERSAL TIME 

I f  one c o n s i d e r s  a  d i s t a n t  s t a r  i n s t e a d  o f  t h e  sun t o  measure  t h e  

l e n g t h  o f  t h e  d a y ,  t h e  e f f e c t  o f  t h e  e a r t h ' s  e c l i p t i c a l  o r b i t  becomes 

u n i m p o r t a n t  and can  be n e g l e c t e d .  U n i v e r s a l  Time i s  based  s o l e l y  

upon t h e  r o t a t i o n  o f  t h e  e a r t h  a b o u t  i t ' s  a x i s .  The u n i t s  o f  U n i v e r s a l  

Time ( U T )  were chosen  s o  t h a t ,  on t h e  a v e r a g e ,  l o c a l  noon would o c c u r  

when t h e  sun was on t h e  l o c a l  m e r i d i a n .  U T ,  t h u s  d e f i n e d ,  made t h e  

a s sumpt ion  t h a t  t h e  r o t a t i o n  o f  t h e  e a r t h  was c o n s t a n t .  I t  i s  now 



known t h a t  t h e  e a r t h ' s  r o t a t i o n  i s  s u b j e c t  t o  p e r i o d i c  a n d  i r r e g u l a r  

v a r i a t i o n s .  When u n c o r r e c t e d ,  t h e  u n i t s  o f  UT a r e  e q u i v a l e n t  t o  t h e  

mean s o l a r  second ,  a n d  a r e  i d e n t i f i e d  a s  a  t i m e  s c a l e  b y  t h e  d e s i g n a -  

t i o n  U T O .  UTO i s  t h e  mean s o l a r  t i m e ,  t h e  G r e e n w i c h  M e r i d i a n ,  soma- 

t i m e s  c a l l e d  G r e e n w i c h  Mean T ime  (GMT). C o r r e c t i o n  t o  UTo has  l e d  t o  

t w o  s u b s e q u e n t  U n i v e r s a l  T ime  S c a l e s :  U T ~  a n d  U T ? .  

The d e v e l o p m e n t  o f  b e t t e r  c l o c k s  r e v e a l e d  a  d i s c r e p a n c y  i n  UTO m e a s u r e d  

a t  d i f f e r e n t  l o c a t i o n s .  The c a u s e  o f  t h i s  was t r a c e d  t o  t h e  f a c t  

t h a t  t h e  e a r t h  w o b b l e s  o n  i t ' s  a x i s  a s  i t  r o t a t e s .  The l o c a t i o n  o f  

t h e  p o l e  o f  t h e  e a r t h  w o n d e r s  o v e r  a  r a n g e  o f  1 5  m e t e r s  d u r i n g  a  

p e r i o d  o f  s e v e r a l  y e a r s .  By c o m p a r i n g  a s t r o n o m i c a l  m e a s u r e m e n t s  

made a t  v a r i o u s  l o c a t i o n s  t h r o u g h o u t  t h e  w o r l d ,  o n e  can  c o r r e c t  f o r  

t h i s  e f f e c t  a n d  o b t a i n  a  m o r e  u n i f o r m  t i m e  s c a l e  - d e n o t e d  UT1. UT1 

i s  b a s e d  s o l e l y  o n  t h e  t r u e  a n g u l a r  r o t a t i o n  o f  t h e  e a r t h .  

W i t h  t h e  d e v e l o p m e n t  o f  q u a r t z  c r y s t a l  c l o c k s ,  i t  was d i s c o v e r e d  t h a t  

UT' had  f l u c t u a t i o n s  w i t h  p e r i o d s  o f  o n e - h a l f  a n d  o n e  y e a r .  These  

v a r i a t i o n s  a r e  a p p a r e n t l y  c a u s e d  b y  s e a s o n a l  c h a n g e s  i n  t h e  d i s t r i -  

b u t i o n  o f  m a t t e r  o v e r  t h e  e a r t h ' s  s u r f a c e ,  e . g . ,  c h a n g e s  i n  t h e  a m o u n t  

o f  i c e  i n  t h e  p o l a r  r e g i o n s  a s  t h e  s u n  moves f r o m  t h e  s o u r t h e r n  h e m i s -  

p h e r e  t o  t h e  n o r t h e r n  h e m i s p h e r e  a n d  b a c k  a g a i n  t h r o u g h o u t  t h e  y e a r .  

T h i s  c y c l i c  r e d i s t r i b u t i o n  o f  mass e f f e c t s  t h e  e a r t h ' s  r o t a t i o n  s i n c e  

i t  amoun ts  t o  s e a s o n a l  c h a n g e s  i n  i t s  moment o f  i n e r t i a .  The n a t u r a l  

r e s p o n s e  was t o  remove  t h e s e  f l u c t u a t i o n s  a n d  o b t a i n  a n  e v e n  m o r e  

u n i f o r m  t i m e .  T h i s  t i m e  s c a l e  was c a l l e d  UT2.  



B.5 INTERNATIONAL ATOMIC TIME 

The I n t e r n a t i o n a l  Second was f o r m a l l y  a d o p t e d  i n  O c t o b e r ,  1967 ,  by 

t h e  XI11 Genera l  Conference  o f  Weights  and Measures .  The Genera l  

Con fe r ence  d e f i n e d  t h e  second  a s  t h e  d u r a t i o n  o f  9 , 192 ,631 ,770  p e r i o d s  

of t h e  r a d i a t i o n  c o r r e s p o n d i n g  t o  t h e  t r a n s i t i o n  between t h e  two hyper -  

f i n e  l e v e l s  of t h e  ground s t a t e  o f  t h e  ces ium atom 133.  

The a t o m i c  d e f i n i t i o n  r e a l i z e s  an a c c u r a c y  much g r e a t e r  t h a n  t h a t  

a c h e i v e d  by a s t r o n o m i c a l  o b s e r v a t i o n s .  I t  r e s u l t s  i n  a  t ime  ba se  

more un i form and c o n v e n i e n t .  D e t e r m i n a t i o n s  can  now be made i n  a  

few m inu t e s  t o  a  g r e a t e r  a c c u r a c y  t h a n  was p o s s i b l e  b e f o r e  i n  

measurements  t h a t  took  many y e a r s .  

I n t e r n a t i o n a l  Atomic Time (TAI) t h e r e f o r e  i s  t h e  a ccumula t i on  o f  

a t omic  s econds  from a  p a r t i c u l a r  d a t e ,  1 J a n u a r y ,  1958 ,  when TAI was 

a p p r o x i m a t e l y  i n  c o i n c i d e n c e  t o  U T 2 .  O n  t h a t  d a y ,  t h e  epoch of  Atomic 

Time was made O h ,  O m ,  OS when U T 2  was O h ,  O m ,  0 s .  

B . 6  COORDINATED UNIVERSAL TIME (UTC) 

P r i o r  t o  1  J a n u a r y ,  1972 ,  t o  a p p r o x i m a t e  UT i n  l a b o r a t o r i e s ,  t h e  

f r e q u e n c y  of  a  p r e c i s i o n  o s c i l l a t o r  such  a s  a  ces ium o r  r ub id ium c l o c k  

was o f f s e t  from i t s  nominal f r e q u e n c y  by an amount t h a t  a l l owed  t h e  

c l o c k  r a t e  t o  be n e a r l y  c o i n c i d e n t  w i t h  U T ~ .  Small  d i f f e r e n c e s  were 

c o r r e c t e d  p e r i o d i c a l l y  ( c a l l e d  s t e p - t i m e  a d j u s t m e n t s )  t o  m a i n t a i n  syn -  

c h r o n i z a t i o n  with U T 2 .  The changes  i n  o f f s e t s  and s t e p - t i m e  a d j u s t -  



ments  were  accompl i shed  s i m u l t a n e o u s l y  t h r o u g h o u t  t h e  w o r l d ,  t h rough  

t h e  announcements  made by t h e  "Bureau I n t e r n a t i o n a l  de  l iHeure '"BIH).  

T h i s  method o f  t imekeep ing  i s  i d e n t i f i e d  a s  C o o r d i n a t e d  U n i v e r s a l  

Time (UTC). 

O n  1 J a n u a r y ,  1972 ,  t h e  U T C  sys tem was improved t o  a l l o w  U T C  t ime  t o  

a ccumula t e  a t  t h e  same r a t e  a s  I n t e r n a t i o n a l  Atomic Time, and t h e r e b y  

e l i m i n a t e  t h e  problems of  o p e r a t i n g  s y s t e m s  w i t h  f r e q u e n c y  o f f s e t s .  

A t  t h e  same t i m e ,  t h e  s t e p - t i m e  a d j u s t m e n t s  were changed from . P  t o  

The s t e p - t i m e  a d j u s t m e n t s  a r e  now c a l l e d  " l e a p  s e c o n d s " .  The l e a p  

s econds  a r e  i n t r o d u c e d  i n t o  U T C  t i m e  t o  keep s y n c h r o n i z a t i o n  w i t h  U T '  

t o  w i t h i n  + 0 . 7 s e c o n d s ( t h i s  may be r a i s e d  t o  5 0 . 9 5  s e c o n d s ) .  These 

a d j u s t m e n t s ,  when r e q u i r e d ,  shou ld  be t h e  l a s t  day of  a  UTC month,  

p r e f e r a b l y  31 December a n d / o r  30 J u n e .  Tab l e  B - 1  p r o v i d e s  a  h i s t o r y  

o f  o f f s e t s  and s t e p - t i m e  a d j u s t m e n t s  i n  U T C  s i n c e  1 J a n u a r y ,  1961.  



TABLE B. 1 
OFFSETS AND STEP ADJUSTMENTS OF UTC 

DATE 
( 0  h UT) 

FREQUENCY OFFSET 

( x l o - l o )  

STEPS (SECONDS) 
UTC (new)  - UTC ( o l d )  

1 9 6 1  J a n  1 - 150  
Aug 1 - 150  +o. 050 

1962  J ~ A  1 - 130 

1963  J a n  1 - 1 3 0  - 0 . 1 0 0  

1 9 6 4  J a n  1 
A p r  1 
Sep 1 

1965 J a n  1 - 1 5 0  - 0 . 1 0 0  
Mar 1 -150' - 0 .100  
J u l  1 - 1 5 0  -0 .100  
Sep 1 - 1 5 0  - 0 . 1 0 0  

1966  J a n  1 - 3 0 0  

1968  Feb 1 - 3 0 0  4-0. 100  

1972  J a n  1 0  -0 .1077580  
J u I  1 0  -1 .0  

1973  J a n  1 0  -1 .0  

1974 J a n  1 0  -1 .0  



A P P E N D I X  C 

T I M E  COUPLER 





INTRODUCTION 

The Time Coupler performs two bas ic  func t ions  r e l a t i n g  t o  the  t ime 

tagging o f  Spacelab data. These func t ions  are: decoding and s t o r i n g  

i n  the  Experiment Computer memory GMT and in format ion  c o r r e l a t i n g  

GET t o  t h e  User 's  Time C1ock;and prov id ing  t o  experimenters, through 

the  RAU's, a t ime reference co r re la ted  t o  t he  GMT. This t ime 

reference i s  a 1024 KHz c lock  i n  which a marker i s  added every 250ms. 

The Time Coupler and i t s  associated i n t e r f a c e  i s  n o t  redundant. 

TIME COUPLER FUNCTIONS 

The d i f f e r e n t  func t ions  o f  t he  Time Coupler w i l l  be described i n  

d e t a i l  i n  t h i s  sec t ion .  The in fo rmat ion  suppl i e d  t o  t he  Experiment 

Computer occupies n ine  words o f  core: one index word puts two zones 

o f  f o u r  words each. The format o f  t he  s tored data i s  shown i n  

Figure C-1 .  The value o f  t h e  index determines i f  the  data i s  t o  

be s tored i n  Zone A o r  i n  Zone B. The value o f  the  index i s  mod i f ied  

every 250ms. 

GMT Decoding. The Time Coupler receives IRIG-B coded GMT from the  

O r b i t e r  through t h e  Remote Acqu is i t i on  Advisory Box (RAAB). A frame 

o f  t he  GMT received i s  shown schemat ical ly  i n  F igure C-2. The frame 

t ime i s  one second and i s  made up o f  100 elementary pulses which are  

modulated i n  width. The day, hour, minute, and second are  i n  a 

Binary Coded Decimal (BCD) format. The i d e n t i f i c a t i o n  o f  , the  pulse 

i s  given by i t s  width:  8ms f o r  a p o s i t i o n  i d e n t i f i e r ,  5ms f o r  a b ina ry  

1, and 2ms f o r  a b ina ry  0. The accuracy o f  a pulse w id th  i s  - + 5 0 p s .  

The "on t ime" reference o f  t he  frame i s  the  lead ing  edge o f  the  

p o s i t i o n  i d e n t i f i e r  which fo l l ows  Po. The 10ms r e s o l u t i o n  i s  obtained 

by count ing the  elementary pulses and adding t h i s  t ime t o  the  "on 

t ime" t h a t  i s  coded i n t o  t h e  pulse. For example, t h e  t ime a t  p o i n t  A 

i n  F igure C-2 i s  f i v e  days, twenty-one hours, eighteen minutes, and 

42.75 seconds. 



BCD CODE 

ZONE A 
BINARY CODE 

f '  

DAY I HOUR 
I 

ZONE B 

INDEX 

DAY I HOUR 

EXPERIMENT COMPUTER T I M E  WORD FORMAT 

Figure C - 1  

BINARY CODE 

BCD CODE 



1 SEC 

POINT A 

o 100 PPS (10ms between pulses)  
o BCD 
o Pos i t ion  I d e n t i f i e r  - 8ms durat ion 
o Binary 0 - 2ms durat ion 
o Binary 1 - 5ms durat ion 
o Time a t  Point  A 

5 days,  21 hours,  18 minutes,  42.75 seconds 

GPiT CODED INTO IRIG-B FORMAT 

Figure C-2 



C.2.1 GMT Decoding (Cont ' d) . 
The decoding cr i te r ia  for the IRIG-B GMT can be defined in terns 

of pulse width detection a time gap (called A t,) separating a f a l l  

time to  a r ise time of two successive GMT pulses i s  interpreted as 

follows: 

At<3.5ms = marker 

3.5<At<6.5ms = logical 1 

6.5<At<9ms = logical 0 

A one second frame of GMT i s  composed of 100 elementary pulses. 

Each frame i s  started by a double marker called PO. This double 

marker i s  detected by the coupler for  synchronization purposes (see 

Figure C - 2 ) .  The other markers, P 1  through P9, encountered in a one 

second frame are used to increment the subframe counter. 

The GMT received by the coupler i s  subject to certain validity 

conditions. The GMT i s  considered valid when the coupler has 

detected one complete frame. The maximum lockup time for th is  i s  

two seconds. The GMT i s  not considered valid i f  the pulse width 

i s  not in accordance with the detection cr i te r ia  or i f  no pulse i s  

present for a time period greater than 10ms. 

Once the GMT has been decoded i t  i s  stored into the f i r s t  two 

time registers as shown in Figure C-1.  These two registers are 

updated every second. There i s  also a third time word which gives 

the subframe number inside a period of one second. This number i s  

stared in binary form in the third time register and i s  updated 

every 10ms. As a result,  the GMT available t o  the experiments has 

a resolution of 10ms. 

Time Tagging. The 1024 KHz signal generated by the MTU i s  routed 

through the RAAB to  the Time Coupler in the experiment 110 Unit. The 

Time Coupler generates a composite clock. This composite clock i s  the 1024 KHz 

in which a marker has been added every 250111s. This marker i s  obtained 

by a phase modulation of the 1024 KHz clock with a modulation depth 



C.2.2 Time Tagging (Cont'd) . 
of 180 degrees in one clock period. That i s ,  the composite clock 

has not only the  same frequency, duty cycle, and d r i f t  of the  1024 

KHZ clock s ignal ,  but in addit ion,  a correlated sync pulse s t a r t i ng  

negative t rans i t ion  and followed by a posit ive t rans i t ion  t ha t  has 

double the  period of the 1024 KHz  clock every 250ms. The composite 

clock obtained from the modulated 1024 KHZ clock i s  shown i n  Figure 

C-3. 

COMPOSITE CLOCK D E R I V E D  FROM 1024 KHZ 

Figure C-3 

The Time Coupler provides t o  the Experiment Computer the  phase 

re la t ionship between the  marker and the  exact k second of GMT. This 
information i s  called correlation (8) i t s  origin being the 

beginning of the marker (see  Figure C-4). The uncertainty i n  the 

correlation information i s  4p s (see  Section 2.3.5). In order t o  

take 

Composite Clock 

GMT 

4 250ms b 

PHASE DIFFERENCE BETWEEN GMT AND COMPOSITE CLOCK 

Figure C-4 



C.2-2 Time Tagging (Cont Id) .  

i n t o  account the t ime delay o f  the composite c lock ins ide  the RAU 

8 p s  i s  subtracted from the phase measurement, 6; i n  order t o  obta in  

the co r re la t ion  information, i .e. C = W - B p s .  This informat ion 

i s  then stored i n t o  the Experiment Computer t ime buffers, as shown 

i n  Figure C-1, and can be used f o r  experiment t ime tagging (see 

Section 2.3.5). 
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